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Abstract
This thesis develops a dynamic model to explain the formation and location of suburban
office centers. Assuming that office firms are idiosyncratic, the model shows that economies
of scale and localization of office activities will arise as a result of higher information qual-
ity from firm specialization, product differentiation, and more intensive use of information
associated with clustering. These economies of scale will be exhausted, however, at the
central business district (CBD) after a period of dominant monocentric urban growth be-
cause increases in costs of firm contacts, office rents and wages override the benefits from
clustering. When it is equally profitable for a newborn firm to locate at the CBD or in the
suburbs, the CBD reaches its critical size and the business decentralization takes place. The
model demonstrates that with better information technology and transportation network,
the critical CBD size will be smaller and business suburbanization will occur sooner. Yet
the location of the first suburban firm would always be at the city fringe where the firm's
production costs of land and labor can be reduced the most. The model further shows that
the growth of a suburban business district (SBD) depends on the degree of endogenous
economies of scale among clustering firms. Without strong endogenous economies of scale,
business suburbanization may prevail but spatial concentration will not occur. Specializa-
tion is necessary but not sufficient for the clustering of office firms and the growth of the
SBD. Two possible initial growth paths of the SBD, with and without inter-center contacts,
are postulated. It shows that the two paths should converge after the subcenter becomes
self-sufficient, i.e., suburban firms are able to obtain all their inputs from local contacts.
The theory is tested using data of four metropolitan areas: Atlanta, Boston, Chicago
and Los Angeles. The Herfindahl and Hirschmann Indices calculated suggest that office
industries tend to concentrate over space and different office industries have different levels
of concentration. Conditional logit models are also estimated to examine locational behavior
of office firms, using the "moved" office firm data in the Atlanta metropolitan area during
1989-92. The results indicate that office firms prefer to locate at a place which has a larger
submarket size, better access to its own industry labor and higher (or lower) degree of spatial
concentration of its own industry employment when the subcenter is small (or large). This
suggests the existence of economies of scale in office firm production. The economies of scale
may stem from intra-industry activities when a subcenter initially starts, but inter-industry
production linkages may become the major reason for the spatial clustering of office firms
as the subcenter becomes bigger.
Thesis Supervisor: William C. Wheaton
Title: Professor of Economics and Urban Studies and Planning
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Chapter 1
Introduction
1.1 The Trend of Suburbanization
American cities have experienced dramatic changes in spatial structure over the last half
century. A vast amount of empirical evidence has revealed fast pace of suburbanization in
both population and employment in virtually all large U.S. metropolitan areas. Between
1948 and 1980, the percentage of metropolitan population residing outside of the central
city areas increased from 36% to 57% (Sullivan, 1990). Edge cities and suburban centers
are seemingly ever growing. The trend of employment decentralization is encountered not
only in industries like manufacturing, where land use is extensive, but also in sectors such as
the service industries, where information is more important than space. Struyk and James
(1975) documented the massive post-war movement of the manufacturing and distribution
firms from central cities to suburban 'industrial parks.' Wheaton (1986) found, in a study
of 30 major metropolitan areas, that between 1967 and 1983, the total employment growth
was 11.3% in central cities versus 57.1% in the suburbs. Manufacturing employment lost
by 28% in the central cities, but increased by 13.1% in the suburbs. Office employment (a
combination of Finance, Insurance, Real Estate, Business and Professional Services) grew
by 45% in the central cities as opposed to 136% in the suburbs.
Significant changes in the distribution of office activity are also evident in changes of
shares of office space between central cities and suburbs'. Figure 1-1 contrasts the office
Over a long time period, vacancy rates should be relatively constant compared to that in a short time
frame. Thus, the shift of the location of office space over the 40 years represents not only in supply, but also
in demand of office space in metropolitan areas.
Figure 1-1: Office Space Downtown vs. Suburban (50 Largest SMSAs, 1955-1994)
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space in downtown areas with that in suburban locations in the 50 largest U.S. metropolitan
areas during the period between 1955 and 1995. The stock of office space in downtown areas
has grown quite smoothly over the last 30 years, whereas the stock of suburban office space
having started out in 1994 at only 15% percent of the downtown stock, has become 1.5 times
as great by 1955. The downtown and suburban stocks were moving roughly in parallel until
the late 1970's, but in the early 1980's, the suburban stock took off and outgrew downtown
space, and it has increased by 1.8 times in the last 15 years.
The change of office space distribution has occurred not only in older cities, such as
Boston and Chicago, but also in newer cities, such as Atlanta (where major expansion
occurred after World War II) and in Los Angeles. Table 1.1 records the shares of suburban
office space in 1995 in Atlanta, Boston, Chicago and Los Angeles: 31%, 19%, 1%, and
56% respectively. By 1994, however, the shares have increased to 82%, 54%, 42% and 79%
respectively.
The suburbanization rate, defined as the rate of growth in the suburbs minus the rate of
growth in the central city, is shown in Table 1.2. This rate has been consistently and strongly
positive in the four decades, 1955-1965, 1965-1975, 1975-1985 and 1985-1994, except in Los
Table 1.1: Share of Office Space: Downtown vs. Suburban
1955 1994
Region or city Downtown Suburban Downtown Suburban
50 largest MSA 87% 13% 40% 60%
Atlanta 69% 31% 18% 82%
Boston 81% 19% 46% 54%
Chicago 99% 1% 58% 42%
Los Angeles 44% 56% 21% 79%
Source: CB Commercial/Torto Wheaton Research
Angeles during the last ten years. The suburbanization rate reached its highest point for
the 50 largest MSAs during 1965-1975, but this average does not indicate the considerable
variation from city to city. For Atlanta and Los Angeles, the suburbanization rates were
highest during 1955-1965, and decreased each decades afterwards. This probably reflects
that office activities have become stronger in downtown than in their suburbs during the
corresponding period of metropolitan development. The suburbanization rate in Boston,
however, increased from 1955-1975, and attained its highest point during 1975-1985. In
the last decades, the rate has slowed down comparing to earlier years. Chicago has the
highest suburbanization rate of 558% during 1965-1975, which is the highest among the
four cities in the four decades, although its CBD share still exceeds 50%. In addition, its
suburbanization rate has also slowed done in the last decades. The lower suburbanization
rate in the last decade reflects that new development of suburban office space had reached
its historical high point in the late 1970s and early 1980s. With a larger base, the growth
rate of office space is getting relatively smaller than that in the earlier years.
Figure 1-2 shows that older cities (Boston and Chicago) appeared to have a smaller
share of suburban office space during the 1950's and 1960's, compared to newer cities (At-
lanta and Los Angeles) which had a larger share of suburban office space during the same
time period. This tells that older cities were originally developed in a monocentric fashion,
while newer cities started with a polycentric style. The figure indicates that Boston decen-
tralized faster than Chicago, showing the growth of suburban office space over downtown
space. While Chicago, on the other hand, has a lower suburbanization rate, and office in-
Table 1.2: Suburbanization Rates in Four Selected MSAs
Suburbanization Rate*
Region or city 1955-1965 1965-1975 1975-1985 1985-1994
50 Largest MSA 85% 209% 162% 24%
Atlanta 271% 203% 90% 13%
Boston 19% 77% 159% 35%
Chicago 311% 558% 182% 28%
Los Angeles 122% 50% 60% -7%
* Suburbanization Rate = Suburban Growth Rate - Downtown Growth Rate
Source: CB Commercial/Torto Wheaton Research
dustry employment is still dominant downtown in 1994. Nevertheless, though the rates of
suburban growth differ across cities, resulting from the historical development of the cities,
employment suburbanization is evident everywhere in American major metropolitan areas.
The causes and consequences of the changing urban form have been high on the research
and policy agendas of social scientists and planners for the last three decades. Direct survey
data clearly delineated the role of cheap land, expansion space and better access to labor as
motivating factors for the shift of manufacturing employment. Urban economists explain
office employment suburbanization as a consequence of improvements in telecommunications
and the shift of skilled labor to the suburbs (Clap, 1993). It has long been recognized that
office activities account for rapid, efficient, and reliable interchange of information, ideas,
knowledge and documentation. A growing number of office communication studies have
lent support to the hypothesis that contact patterns are a significant determinant of office
location (Daniel, 1979). The development of telecommunication technology has drastically
changed the business contact pattern and reduced the cost of contact activity, and thus has
important implications in the suburbanization of office activities.
Many empirical studies have shown the existence of an urban wage gradient and a pos-
itive correlation between wage and commuting cost in metropolitan areas (Segal, 1960;
Eberts, 1981; Madden; 1985, McMillan and Singell, 1992; Ihlanfeldt, 1992; and Timo-
thy, 1994). Wheaton (1982), Brennan, Cannaday and Colwell (1984) found that the large
variation in office space rents between subcenters can at least partially be explained by
labor access and subcenter size. Erickson and Wasylenko (1990) showed that agglomeration
Figure 1-2: Office Space Downtown v.s. Suburban (Four SMSAs, 1955-1994)
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economies and available labor force are important factors in the site choice among suburban
locations for firms in all industries. These findings strongly suggest that employment sub-
urbanization is not a simple process of urban sprawl; it involves the emergence of spatially
clustered firms that form suburban business districts (SBD).
To explain the employment suburbanization and multinuclear city land use pattern,
this dissertation will present a theoretical framework for urban growth, office firm decen-
tralization and location of suburban centers. It intends to focus on office firm production
technology and integrate both the dynamic of urban growth and the spatial dimension of
subcenter location into one model, thus providing a thorough explanation for the urban
growth path.
1.2 The Structure of the Thesis
The thesis contains a total of nine chapters including the introduction and conclusion and it
is organized into two major parts. Part I contains Chapters 2-6, which provide theory and
models of urban growth and subcenter formation and location. Part II consists of Chapters
7-8, which present the empirical analysis of the office firms' locational behavior within a
multinuclear metropolitan area, to substantiate the implications of the theory.
1.2.1 Part I: Urban Growth, Subcenter Formation and Location: Theory
Chapter 2 reviews the existing theoretical literature on the subjects related to this study.
The literature on office firm production technologies is first introduced. Most of these models
assume and show that business contacts are office firms' major component of production.
The number of contacts for an office firm is either treated as exogenous and fixed, or
endogenous and is determined by the distribution of firms over space. The main concern
is the quantity of information that a firm can get by locating in a certain place. There is
no explicit modeling of how firms differentiate business contacts in terms of information
quality.
Agglomeration has also been widely discussed in spatial theory, and different theories
have different explanations for the geneses of business concentration. Four major categories
of the geneses of agglomeration are reviewed. The examination of the monocentric and
polycentric urban growth models reveals that the existing theories do not provide complete
pictures of both the urban growth and the subcenter formation and location. The monocen-
tric models deal largely with urban land use patterns under the assumption of the existence
of a single business district in the metropolitan area. The polycentric models are either
static, or dynamic without considering firm location. The static polycentric models treat
centers as having simultaneous existence in a city, either specified as a priori, or resolved in
the model. These models are good at explaining residential suburbanization, but lack the
power to explain the business suburbanization process. The dynamic polycentric models,
on the other hand, mostly focus on the process of suburbanization, while losing the analysis
of where the subcenter is located in an urban context.
Chapter 3 presents a monocentric office center growth model. Assuming that office firms
are idiosyncratic, and their productions involve handling and exchanging heterogeneous
informational goods and services, the technology of a representative office firm is defined.
It suggests that a profit seeking office firm is concerned with both the quantity and the
quality of information. Each firm has an index that ranks the quality of the heterogeneous
information by the degree of mismatch according to its input requirements. The firm will
take the best matched information, then the second best, and so on, until the marginal
benefit from the additional piece of information is equal to the marginal cost of acquiring
that piece of information, or to the level that its profit is maximized.
The model shows that to reduce the cost in frequent inter-firm contacts, an office firm
will locate closer to the firms which produce the information that matches its production
needs. To market its production output, a firm will locate closer to firms which will buy its
output, and thus be more powerful in product penetration. The dual consideration in input
acquiring and output marketing will improve the overall information qualities and shorten
the mismatch distance between the required information and the available information
for the firm, hence reducing the unit information mismatch cost at the center as more
firms cluster. Under these production technology assumptions, the model demonstrates
that economies of scale and localization of office activities will arise as a result of higher
information qualities from firm specialization, product differentiation, and more intensive
use of information associated with clustering.
The model further shows, however, that the economies of scale at the CBD will be
exhausted after a period of dominant monocentric urban growth, because the increase in
costs of firm contacts, office rent and wages override the benefits of clustering. When it is
equally profitable for a new firm to locate at the CBD or the suburb, the CBD reaches its
critical center size and firm decentralization will take place.
Chapter 4 analyzes the decentralization of the first suburban office firm and its location
under two scenarios of economies of scale - with and without inter-center contact. The
model shows that the first suburban firm will not conduct any inter-center contact when
the unit contact cost is high, and it is the internal production and savings in land rent
and wage at the suburb that makes it as profitable as the CBD firms. When the physical
contact cost is low, the first suburban firm will make the inter-center contact, and the
decentralization will take advantage of external economies of scale from CBD. In this case,
the starting profit level is higher than that without inter-center contact, thus it is sooner
for firm decentralization, and the CBD's critical size will be smaller. This suggests that the
improvement of information technology reduces the unit physical contact cost, and plays
an important role in determining the timing of business decentralization.
The model demonstrates that the location of the first suburban firm is always at the
city fringe where land and labor cost the least. Without inter-center contact, the value of
the first suburban firm's output will not change with location; hence, the firms' maximum
profit location is just the its minimum cost location. Because land rent and wage savings
increase from the CBD to the city fringe, and decrease beyond the city fringe, the firm's
minimum cost location would be at the city fringe. With inter-center business contact, the
business profit of the first suburban firm (the profit before deducting wage and land rent)
falls as the firm moves farther away from the CBD. However, rent and wage savings increase
from the CBD boundary to the city edge then fall beyond city edge. Thus the maximum
profit location of the first suburban firm would also be at the city fringe.
Chapter 5 examines the process of business suburbanization and conditions for the initial
growth of the SBD (suburban business district). The model shows that the growth of the
office subcenter depends on the production relations among new and existing firms at the
suburb, and requires self-sustaining economies of scale among clustering office firms. In
other words, all firms clustering at the same suburban center must have strong production
relations in order to achieve high enough output to overcome the costs (rent and wage)
associated with clustering. Without intra-center contact, or internal economies of scale,
the model demonstrates that business suburbanization will occur after the first firm moves
to the suburb, but spatial clustering will not take place. The model further indicates that
specialization is necessary but not sufficient for the clustering of suburban office firms. Only
if suburban firms have strong production linkages among themselves will they concentrate
at the same city fringe location and the SBD will grow. There can be one or multiple SBDs
growing simultaneously depending on the types of new-born office firms.
The growth paths of the subcenter are explicitly studied in the context of a two-center
city. In the case without inter-center contacts, the SBD will grow as a result of higher
information value from specialization and the additional intra-center contacts available as
more firms come to the center. With inter-center contacts, the SBD will grow, again, as
a result of higher information value from specialization, but substituting the intra-center
contact for the inter-center contact. In the case with inter-center contact, the firm will
start with a higher information input level but the firms' profits increase more slowly with
subcenter size than in the case without inter-center contact. The two profit paths will
converge when the suburban firms stop substituting intra-center contacts for inter-center
contacts. At this point, however, the firms are still subject to the constraint of the number
of contact that can be obtained from local firms. The constraint will be relaxed when the
subcenter size is equal to the optimal number of contacts according to the metropolitan
size at the time. Thereafter, the SBD firms will have the same profit function as the CBD
firms. The suburban firms' profit will decrease as the SBD grows. This process continues
until the critical size of the SBD is reached and firms start to further decentralize.
Chapter 6 traces the land use reconfiguration in a multicentric city by allowing the
relocation of the CBD firms to the subcenter(s). Under the assumption that the capital
structure is non-durable and the relocation cost can be neglected in the firm's relocation
decision, the model shows immediate decline of the CBD and the growth of the SBD(s)
after the subcenter(s) is formed. The long-run equilibrium land rent gradient exhibits a
peak-trough pattern from the city center to the city fringe. The peaks will occur at each
of the business centers and the troughs will appear on the residential boundaries of two
adjacent centers.
Under the condition that the capital structure is durable, the adjustment process would
be gradual because the capital structure deterioration takes time and incurs money cost.
Depending on whether there exist any land development constraints, the short-run land use
pattern will be different. In the linear city case, with single subcenter formation, the short
run land rent gradient will show a peak-trough pattern; with the dual subcenter formation
at the city fringes simultaneously, a straight declining land rent gradient from the city center
to the city fringe will be observed. In the long run, this land rent gradient will converge
into the same peak-trough pattern.
1.2.2 Part II: Office Firm Spatial Clustering Behavior: An Empirical
Analysis
Having built theoretical models of the suburban office center formation and location, the
empirical part of the thesis tries to use office firm data to verify some of the conclusions
drawn from the theory. The emphasis is on testing the theoretical hypothesis of the geneses
of agglomeration by scrutinizing the spatial clustering pattern and locational behavior of
the office firms.
Chapter 7 examines the indices for measuring the spatial distribution of office industries
in the metropolitan area. At the metropolitan level, few studies have been done for the
degree of industry spatial concentration. Two major indices for industrial concentration
that used in the regional context are employed to measure the spatial concentration within
the metropolitan area. One is the Herfindahl and Hirschmann Index (HHI), a standard
industrial concentration measure of the sum of the squared shares; the other is the Location
Quotient (LQ), defined as the ratio of the industry share in a subregion to the industry
share in the region as a whole. Office employment and firm data of four representative U.S.
metropolitan areas are used to calculate the indices. The results indicate that, on average,
there is spatial concentration of same industry firms within the metropolitan area. This
strongly implies the existence of agglomeration of office activities within the metropolitan
area, and supports the theory of office firm clustering into subcenters, rather than dispersion
over space.
Using office submarket data between 1989 and 1993 of the Atlanta metropolitan area,
Chapter 8 presents conditional logit models to test the determinants of office firms' loca-
tional choice and the geneses of agglomeration. The condition logit models were constructed
with separate estimations of the explanatory variables. The models with submarket char-
acteristics show that the average rent at the submarket and mean travel time to work are
positively related to the firm's locational choice, and highway access is negatively related
to the firm's location choice, which are contrary to our theory. The total net rentable area
and vacancy rate have positive estimates, suggesting that the economies of scale is a pos-
itive factor, while rental cost is a negative factor in attracting office firms. The negative
coefficient for distance to downtown and positive coefficient for distance to airport indicate
that office firms in Atlanta prefer to locate closer to CBD but farther from the airport. The
reason can be attributed to some demographic factors, as the airport is located in the south
of Atlanta where there is a high concentration of low income people.
The models with industry specific variables indicate that, on the margin, an office firm
prefers to locate at a place which has a larger submarket size, with a better access to its
own industry labor, and with a higher (lower) concentration of its own industry employ-
ment/firms when the subcenter size is small (large). The results suggest the existence of
economies of scale in office clusters. The economies of scale may stem from intra-industry
activities when a subcenter initially starts. Such things as information sharing, cost savings
in face-to-face contacts among the same industry firms could be the major reasons for the
spatial concentration. As the subcenter gets larger, the economies of scale may come from
inter-industry production linkages, such things as the existence of cliental firms of a different
industry could cause the spatial clustering of office firms of a particular industry.
Chapter 9 concludes the dissertation by summarizing the major results and their policy
implications.
Part I
Urban Growth, Subcenter
Formation and Location: Theory
Chapter 2
Literature Review
Built upon the current economic literature of urban growth, this thesis develops a dynamic
model to explain the formation and location of the suburban office center. It tries to use
the office firm production technology to explore the geneses of agglomeration and underling
reasons for the decentralization of office activities within the urban area. Before introducing
the theoretical model, in this chapter, I will first review some of the literature related to the
area of this study. This will provide a background on the existing theories and models in
the subjects of urban growth, agglomeration and office firm production technology, as well
as the monocentric and polycentric models. The contribution of this thesis to each area of
the literature is presented at the end of each section.
Section 2.1 shows the studies and models of office firm production and location; section
2.2 reviews the literature on agglomeration and spatial concentration; section 2.3 discusses
the monocentric models and section 2.4 examines the models of nonmonocentric urban
development.
2.1 Office Firm Production and Location
Previous work on office location suggests two distinguishing characteristics of the industry.
One is the inter-firm contacts, the other is the presence of agglomeration economies. Empir-
ical analyses of office linkages have surveyed the extent of contacts among the employees of
different office firms and the effect of these interactions on the firms' location decisions. A
growing number of office communication studies lend support to the hypothesis that contact
patterns are a significant determinant of office location (Daniel, 1979, pp:8). Following the
early work by Jacobs (1969) that emphasizes the role of face-to-face contact for the flow
of information and the adoption of technological innovations, many formal models have
been developed to examine how inter-firm contact affects the location of firms (O'Hara,
1977; Tabuchi, 1986; Tauchen and Witte, 1983 and 1984) and the spatial arrangement of
economic activities in cities (Ogawa and Fujita, 1980). The general idea of these models is
that firms benefit from business contact but the cost of contacts increases with distance,
thus clustering leads to lower costs, or higher profits.
There exist three approaches in modeling the contact patterns so far. O'Hara (1977)
assumes that the pattern of inter-office contacts is exogenous and each firm has the same
number of interactions with all firms in the business district. The cost of an interaction is
a linear function of the rectilinear distance between the original and the destination. Each
firm chooses its location to maximize profits. On top of the work of O'Hara, Tauchen and
Witte (1984) allow the contact patterns as well as the distribution of firms to be endogenous,
and found that the market equilibrium distribution of office activities is not socially optimal
because of the existence of agglomeration economies and transactional externalities arising
from firm interdependence and mobility. Instead of treating firms as a single unit, Ota and
Fujita (1993) consider that each firm consists of multiple units, more specifically, a front-unit
(e.g. business office) and a back-unit (e.g. plant or back office). Each front-unit interacts
with all other front-units for the purpose of business communications, while each back-
unit exchanges information or management services only with the front-unit of the same
firm and each firm chooses the location of its front-unit and back-unit optimally. They
demonstrate that the advancement of intra-firm communication technology will eventually
lead to a dichotomy of firm activities, where the front-unit activity will concentrate in the
city center, while the back-unit activity will be located in the far suburbs.
The second feature of office firm production, agglomeration economies, is also widely
discussed in the urban literature. The geneses of this economies are often attributed to the
specialized workforce and numerous potentials for information flow available in an urban
area. Most theoretical work introduces agglomeration economies as a benefit accruing to
firms solely from being in the business area and represents the magnitude of the benefits
as independent of the firms' location and other decisions (Tauchen and Witte, 1984). A
representative work is by Helsley (1990) who develops a general model of knowledge and
production in the central business district. In the model, he explicitly treats the produc-
tion of knowledge as a public good and assumes a general technology in which knowledge
increases the productivity of private resources and input substitution may occur. He shows
that if distance reduces the quantity of knowledge transmitted between firms, then equilib-
rium output-to-land and nonland input-to-land ratios will achieve unique maximum at the
center of the CBD and decline as the distance from the center increases.
Built on single-unit office firm interaction models, this dissertation assumes prior knowl-
edge of other firms' production output by each individual office firm. Assuming the existence
of an information quality index for each individual firm, the firm interaction is not random,
but only takes place among those which receive maximum benefit from each other. More
specifically, each office firm is supposed to rank all other firms' informational output ac-
cording to its own input requirement while making business contacts. Thus, office firm
interactions involve business information matching. The contact cost is assumed to vary
across centers in the metropolitan area, but to be constant within each business district. It
is shown that economies of scale can emerge as a result of self-motivated firm specialization
and production differentiation in the competitive market.
2.2 Agglomeration and Spatial Concentration
Agglomeration has been viewed as the most important reason for the formation and growth
of cities. A wide array of hypotheses have been postulated to explain the existence of spatial
concentrations of economic activities into the urban area. Among these, there are at least
four basic categories of arguments that are related to this study.
(1) Transportation cost saving. Following the seminal work of Von Thfinnen (1826),
many regional economists have explained agglomeration as a result of cost savings in trans-
portation. Weber(1909), Lisch (1939) and Moses (1958) demonstrate that the proximity to
markets and sources of raw materials lead to concentration of production activities. Beck-
mann (1976), Fujita and Ogawa (1982) and Goldstein and Moses (1975) show that the need
for social interaction, or accessibility to other agents, and inter-industry linkages give rise
to the concentration of firms.
(2) Business externality. Business externality has long been considered as the geneses
of agglomeration and city formation (Jacobs, 1969; Porter, 1990; Marshall, 1890; Krugman,
1991, Helsley, 1990; Glaeser, et al (1992); among others). Emphasizing the importance of
face-to-face contact for the flow of information and the adoption of technology innovations,
Jacobs (1969) indicates that the interaction between people in cities helps them get ideas and
innovate. She argues that the most important knowledge transfers come from outside the
core industry, and it is the variety and diversity of geographically proximate industries rather
than geographical specialization promote innovation and growth. Marshall-Arrow-Rome
externality (MAR) concerns knowledge spillover between firms in industry, and suggests that
ideas can be quickly disseminated among neighboring firms through spying, imitation, and
rapid inter-firm movement of highly skilled labor. Porter (1990) argues that the knowledge
spillover in specialized, geographically concentrated industries, stimulate growth.
(3) Consumer taste heterogeneity. This group demonstrates that consumer taste
heterogeneity for location leads to agglomeration of economic activities (Abdel-Rahman,
1988; Anas, 1988; Rivera-Batiz, 1988). Anas (1988) generates an agglomerative city by in-
troducing heterogeneities in consumer endowments and preferences. Abdel-Rahman (1988)
argues that consumer agglomeration in a particular area or region enlarges the equilibrium
number of firms selling differentiated products, which raises utility in the Dixit-Stiglitz
manner. Rivera-Batiz (1988) develops a model that endogenizes agglomeration economies
from both the production and consumption sides.
(4) Labor specialization. This branch of study suggests that the agglomeration can
result from labor specialization. One of the representative work is by Kim (1990) who
develops a model of agglomeration economies based on the labor market match between job
and labor characteristics. With heterogeneous production technology, increasing returns to
scale, and specific labor requirements, he shows that average productivity increases with the
size of the market. The reason, he argues, is that the average match between heterogeneous
job requirements of firms and heterogeneous skill characteristics of workers improves as the
number of workers increases. In other words, specialization reduces the average cost of
mismatch between the skill characteristics of workers and the job requirements of firms, the
productivity of workers increases with the size of the local labor market.
Similar to Kim's (1990) labor market mismatch argument, this thesis constructs a model
based on the mismatch of information quality among clustering office firms. We show that
as the market size increases, firms become more specialized and are able to produce more
differentiated information, thus achieving higher qualities of office products - information
that induce the agglomeration.
2.3 Monocentric Models
The monocentric model of urban spatial development was developed by Alonso (1964), Mills
(1967) and Muth (1969), and later Wheaton (1974). In these models, the location of central
CBD is usually predetermined to consumers. All employment is concentrated at CBD and
the locational choice of consumers is modeled solely on the basis of access to the employment
center. As everyone must travel to the center to work, households living at central locations
commute shorter distance, pay higher land rent, and consume smaller quantities of housing;
while households residing farther from the center commute longer distance, pay lower land
rent, and consume more housing. Under usual assumptions that households maximize
utility, housing producers maximize profits, and the housing market is competitive, the
equilibrium will be characterized by a negative relationship between population density and
distance from the urban center. The resulting pattern of population distribution over space,
is highly sensitive to income and commuting costs. Changes in this pattern will result from
equilibrium adjustments to changes in these variables. These relationships are confirmed
in numerous empirical studies which show that, indeed, population suburbanization can
successfully be explained as resulting from rapidly rising incomes, growth in the size of
urban area and improved commuting conditions.
These models emphasize the long-run equilibrium of city structure and assume mal-
leability of a city's form. Later they were improved by introducing the vintage feature of
the city (Harrison and Kain, 1974; Anas, 1978; Brueckner, 1980; Wheaton, 1982a, b, 1983;
among others). Harrison and Kain (1974) first postulate that urban structure should be
explained as an aggregation of past patterns of development rather than as a equilibrium
adjustment to current conditions. Anas (1978) presents a formal analysis of the model with
durable capital and myopic foresight. His most striking proposition from the model is that
with durability and myopic foresight, density may increase with distance from the center as
population grows. Brueckner (1980) develops a vintage model of residential housing for an
open city and shows that demolition occurs when the expected present value of profits from
continuing to operate an existing structure equals the expected present value of profits from
redevelopment. Wheaton (1982b, 1983) builds a model of city development with replace-
able capital. He demonstrates that as a city grows outward, central land values increase
and it becomes profitable to redevelop central locations. Wheaton (1982a) substituted the
assumption of perfect foresight for myopic foresight. This generates vacant land for spec-
ulative purposes, hence it becomes profitable to withhold some centrally located land in
order to develop it at higher density in the future. This argument provides basis for leapfog
development. He shows that under some conditions it will be profitable to develop the city
from the outside in towards the center.
Even though monocentric city models have been the most favored setup of regional
scientists studying the behavior of spatially competitive consumers and the economic struc-
ture of a city, they lack explanatory power in interpreting the growth of multi-center cities.
A new branch of polycentric urban models therefore emerged to explain the multinuclear
urban land use pattern.
In order to show the dynamic development process of the metropolitan area, however,
we start with the monocentric model. This will pave the foundation for the formation and
location of suburban office centers and lead to the study of the polycentric city growth
model.
2.4 Polycentric Models
Multicentric land use pattern had been recognized in the urban economic literature as early
as in the 1960's (Alonso, 1964; Muth, 1969). In the 1970's, with employment suburbaniza-
tion progressing, urban economists begin to make further effort to relax the assumptions
in monocentric models - a single, pre-specified center CBD, the uniform transportation
system, etc. - and incorporated the multinuclear feature into the urban model. There are
generally two different approaches. The first is to introduce pre-specified multiple centers
into the model (Hartwick and Hartwick, 1974; Papageotgiou and Casetti, 1971; White,
1976; Sullivan, 1986); these are so called multi-centric models. The second is to construct
a more general model without pre-specifying any centers (Beckmann, 1976; Borukhov and
Hochman, 1977; Ogawa and Fujita, 1980); these are called nonmonocentric models.
For example, Sullivan (1986) assumes the central market area and the circumferential
highway are exogenous in location. His model extends the monocentric urban residential
model by treating the central part of the city as occupied by the office sector which is
subject to agglomeration economies from the need for face-to-face contact. In addition to
the employment opportunities in the centralized office sector, employment opportunities
exist in a decentralized manufacturing sector. Residents of the city choose between two
employment locations. Under these assumptions, he develops a general equilibrium urban
land use model.
Ogawa and Fujita (1980) propose a model of nonmonocentric urban land use in which
the location of neither employment nor residence is specified a priori. The model explicitly
considers spatial interactions among activities; each firm's locational decision reflects its
transactions with all other business firms, and each household's locational decision reflects
its commuting trip to a business firm optimally chosen by the household. Under this frame,
they obtain three alternative equilibrium patterns of land use depending on the values of
parameters in the model, especially on the commuting rate and the transaction rate.
Different from the static multi-centric and nonmonocentric models, which are sound in
explaining the residential suburbanization by treating the centers as simultaneous-existence
in a city, recently several authors have constructed models to explain the development of
subcenters. These models focus on the decentralization of employment and try to explain
the causes of subcenter formation.
Alperrovich and Katz (1988) develop a theoretical analysis of a profit-maximizing firm's
behavior in determine output and location. By deriving the supply curve of a firm whose
locational choice is restricted to two locations, the city center and the suburbs, he shows
that at low levels of production, the city center is optimal; but above a critical level of
production, optimality shifts to the suburbs, particularly where residential suburbanization
of the labor force has also occurred.
Helsley and Sullivan (1991) develop a series of dynamic models of urban subcenter for-
mation. By viewing a multinuclear city as a system of employment locations within a
growing metropolitan area, they examine several non-spatial models of the allocation of a
growing population to two production locations, a central city and a subcenter, where pub-
lic capital must be installed prior to development of a production site. There are external
scale economies in production, and diseconomies in transportation. They show that sub-
urban centers arise from the trade-off between external scale economies in production and
diseconomies in transportation. The simple dynamic subcenter formation models replicate
several 'stylized facts' about urban subcenter formation, the most important being that sub-
centers generally form after the city is an established, dominant city center. The model also
shows how the development of the subcenter is affected by the fixed cost of public capital,
differences in production technologies, and interactions between production locations.
Using a transportation system with dense network of circular streets, Yinger (1992)
provides complete solutions to two urban models with a discrete suburban employment
center as well as a central business district. His models reveal the impact of a new suburban
work site on a metropolitan housing market and show how changes in suburban income alter
an urban area's spatial structure.
Anas (1992) considers an economy which has two prior identical locations where cities
can emerge. He demonstrates that new cities are born at stochastically determined times
when existing cities are larger than their optimal sizes and unstable. The relation between
the centers are like cities in a region, rather than the relation between a downtown and
suburb.
Henderson and Mitra (1993) study the nature of suburbanization by examining the
strategies of an edge city developer optimizing against a passive central city with an his-
torically given capital stock. In their model, the edge city developer chooses office space
capacity, distance from the central city, and employment. They analyze how these choices
change in response to changes in historically given central city capacity.
Certainly, these subcenter development models provide a though theoretical basis for the
explanation of the geneses of employment decentralization and the formation of suburban
centers. However, the production functions in these models are general in the sense that
they aim at all types of industry firms, rather than focus on office industry firms. Second,
a very important dimension - the location of the suburban center - is missing in most of
these models. The locations of the subcenter are either treated as previously existing, or as
having no relative point in the existing city. Though Henderson and Mitra (1993) introduce
the spatial dimension of subcenter location, they assume that the size of CBD is historically
given, thus ignoring why firms move to the suburb in the first place.
Given this background, this thesis aims to focus on office firm production technology and
trace the dynamics of office firm decentralization and location of suburban office centers,
hence providing an explanation of why the firm decides to move away from central business
district and locates in the suburb, and how the suburban business districts can grow and
become subcenters.
Chapter 3
Monocentric City Development
with Information Technology
3.1 Household and Firm Land Use Pattern
When a linear city is initially formed on a featureless plain, residents (N) work in the single
CBD where all firms locate, and live on each side of the center. Assuming firms occupy
finite amount of land, and the commuting cost within the CBD is zero, then the resulting
land rent gradient in such monocentric city is illustrated in Figure 3-1.
Figure 3-1: Land Rent Gradient in a Monocentric City
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Household expenditures include land, commuting, and other goods (x, which are bought
at unit price). Without losing generality, we assume that all households are one-worker
households and consume the same amount of land across locations. The only income of
each household is its wage income. Households will choose their location of residence to
maximize their other goods consumption under budget constraints. This maximazation
problem can be expressed in Eq.(3.1)
x = wi - R1(u)q - ru (3.1)
where wi is the household's wage income, R1 (u) is the annual rent payment by residents
living at u distance from CBD, q is the land consumption per household, and T is the annual
transportation cost per unit of distance.
At equilibrium, the households will achieve the same level of welfare. Given the equal
consumption of land, this assumption implies all other good consumption will be equal for
households at all locations in the city. Since the CBD wage is assumed to be exogenous
to the model, the locational choice of each household is based on the trade-off between
travel cost and land rent at each location. Workers living farther from CBD will pay higher
commuting expense and lower land rent, while workers residing near the center will pay
lower commuting expense but higher land rent. These two factors complement each other
at all residential locations. Therefore the rent gradient will reflect the travel savings across
locations. More specifically, the residential rent at location u has the relation with the land
rent at the city fringe D1 as follows
Ri(u) = Ri(Di) + (D1 - u)r (3.2)
In the land market, competition between the residential land and its neighboring rural
locations ensures that the land rent for those households located at the city fringes equal
the agricultural land rent, and the competition between the residential land and its adjoin-
ing commercial land ensures that the land rent for those households located at the CBD
boundary equals the office land rent. As the commuting cost within CBD is zero, the firm's
rent gradient is flat and the conditions in Eq. (3.3) must hold
R1(D 1 ) = Ra
R1(O) = ri (3.3)
Where Ra is the agricultural land rent, Ri (0) is the residential land rent on the CBD
boundary, and r1 is the office land rent. Thus, we have the residential rent gradient function
Ri(u) = Ra + (D 1 - u)T (3.4)
Eq.(3.4) represents the dynamic change of land value across all locations in the city. As
the city grows, a certain number of people will be added during each time period. New
housing units will be built at the edge of the city to accommodate the growing population.
Since the city expands physically, the marginal worker's commuting distance D1 will in-
crease. The savings on travel cost for closer-in households bid up the rents at all locations,
thus we would observe a rising rent gradient over time. At any point of time the rent gra-
dient is the highest bid at that location and reflects the land market condition of the time.
Since households can move freely, we expect that all households are located on the city line
according to their individual preferences on the trade off between travel cost and land rent
at each location. At equilibrium, land rent at the center is equal to the agricultural land
rent plus travel costs from the fringe to the center.
Notice from Eq.(3.1), if the wage does not increase over time, all households will be
worse-off, as the total consumption falls when land rent rises. To simplify our analysis, we
can assume that the wage at CBD is fixed for now, because relaxing the assumption and
allowing the wage to change over time will not change the conclusion of this model.
At equilibrium, the total urban land area 2Di is occupied by all households, so
1Di= -Niq (3.5)2
As the single center grows, the overall rent gradient rises. From Eq.(3.3) and Eq.(3.5),
we have
1
ri = Ra + -NqT (3.6)2
This suggests that the cost of land will rise linearly with city size for all firms'. As shown
in Eq.(3.4), however, at any point of time, the residential land rent will always decline from
the CBD to the city edges, i.e., the land rent will be lower in the suburbs than at the center.
This gives rise to advantages for firms which might want to choose the outer locations
to reduce their production costs in land rent. This is crucial in explaining the incentive
of business suburbanization. Before we get into the question of firms' decentralization,
however, we need to study the office firms' production technology and explore why they
cluster in the first place.
3.2 Production Technology of Office Firms
An office firm's production is a process in which inputs of labor, land and information are
employed to produce an output of informational goods and services 2. In this production
process, the office firm acquires information from other office firms as intermediate inputs
and processes the information to produce its own output of information to sell to other
office firms. Assuming all firms in the center are idiosyncratic, in that each one produces
a different information-product, then each office firm's production process would involve
handling and exchanging the flow of heterogeneous information to and from other firms
'This conclusion lies on the assumption that households' land consumption is fixed. Many empirical
studies, however, have shown that land densities vary within the metropolitan area and exhibit negative
relationship with the distance to the city center. Harrison and Kain (1974) and others have found that
land density is an exponential function of the distance to CBD. Many theoretical monocentric models have
also assumed differential household land consumption within the city area. Without losing generality, and
making the model more manageable in incorporating the office firm production technology, we assume that
the density is fixed for households in the metropolitan area throughout this paper.
2Here I use "information" to represent the general product of an office firm. The information includes
goods and services produced by the firm. For analytical purposes, the model employs a set of simplified
assumptions, and refers to office firms as stylized "units" which have common characteristics - the require-
ments of information. This assumption eliminates the possibility of the co-existence of information-intensive
firms with non-information-intensive firms. However, a non-information-intensive industry firm could have
strong effects on the location of an information-intensive firms. For example, a car manufacturing company,
like Ford or GM, could form an industrial center that attracts office firms to provide services at the cen-
ter. This type of office activity would rely heavily on the existence of non-information-intensive industry;
thus, these firms' production technologies and location decisions could be significantly different from those
of information-intensive office firms. Because this model considers information-intensive office firms only,
certain limitations exist.
through inter-firm business contacts.
To acquire its inputs, an office firm needs to make physical contact with other office firms.
It ranks the quality of the information from other office firms, according to its own input
requirements. With fixed unit cost of contact, the firm takes the best matched information,
then the second best, and so on, until the marginal benefit from the information is equal to
the marginal cost of acquiring that information (i.e., the unit contact cost plus the mismatch
cost). The unit contact cost is a function of the distance between firms, which becomes
larger as the distance between contacting firms gets greater. Thus, to reduce the physical
contact cost and maximize its profit, a firm would like to locate closest to firms which have
information best matched to its production needs. If the firm can obtain better matched
information, it will be more productive and profitable, ceteris paribus. Then the question is:
will the firms be able to get better matched information if they locate together? To answer
this, we need to examine what kind of firms cluster with each other (we take the location of
the first firm of the city as random), or how a firm determines what to produce when it tries
to locate together with other firms? The answer will tell how the production technology
links office firms spatially, or why there exists spatial agglomeration of office firms.
3.2.1 Firm Specialization, Information Quality and City Size
Assuming that office firms are myopic in making their decision, then as a city grows, the
objective of a newborn office firm is to sell its product to other firms in order to realize
its profit. At the local level, thus it has to produce information that closely relates to the
needs of other local firms to be more powerful in its product penetration. To achieve this
goal, a newborn firm will produce highly differentiated products and be more specialized
in its production. This endogenous incentive leads the firm to produce its self-selected
product catering to the input requirements of local office firms. On the other hand, since
existing firms compete with newborn firms in their market sharing, they will also improve
their products' quality by innovation. As a result, the clustering of office firms accompa-
nies product differentiation and firm specialization. This improves the overall quality of
information and shortens the mismatch distance between the required information and the
available information at the center. Thus all firms in the cluster will have better matched
and higher quality of information inputs as more locate together.
When the cluster gets bigger, the existing firms will re-rank the information quality
among the larger number of firms and take the best according to their needs. They can also
sell their products to more firms in the cluster. Therefore, a higher level of business activity
is expected, a larger variety of products will be produced, and a highly interdependent
information flow network will be formed. The higher levels of business activity resulting
from firm specialization and product differentiation, consequently, will lead to higher levels
of revenue, or value of information for each individual firm in the cluster, which in turn,
attracts more closely related firms to come. A self-sustaining localization is formed. This
office firms' production technology can be simply clarified in the following model.
3.2.2 Inter-firm Contact and Information Value Function
In a city with N idiosyncratic office firms, each firm makes contacts with other firms in the
center to obtain information inputs for its production. The number of contacts that a firm
conducts depends on the benefit and cost of the contact. If the marginal benefit from one
more contact is greater than its marginal cost, the firm will continue to make more contacts
to achieve a net gain. The firm will continue making contact until the marginal net gain
from a contact is zero.
Suppose each firm has an information quality index with values ranging from 0 to 1,
which ranks all other firms' information in terms of the quality mismatch distance, i.e.,
the differences between the quality of information that the firm needs and the quality of
information that other firms can offer. When the center grows, the self-selected production
and firm specialization will improve the quality of information, thus the mismatch distance
between two adjacent firms shortens. A firm will re-rank the information quality according
to its input requirement. The increase in the quantity and quality of information inputs
will improve the value of information output produced by the firm. This suggests that the
office firm's production is an increasing function of the center size.
Since these N firms are idiosyncratic, for simplicity, we assume that the information
quality index is uniformly distributed; hence the difference in information quality between
any two adjacent firms on the index is 1/N 3. As all firms are indexed on the unit line, the
3The rigorous proof of this can be found in order statistics, which says that if all the cases can be ranked
in order, the distance/difference between two adjacent cases is smaller in a larger sample than in a small
sample. Particularly, if the population is uniformly distributed, the distance between the two adjoining cases
is 1/(N + 1), where N is the sample size. Without affecting the result of the model, we use 1/N to simplify
the analysis.
firm density is also N.
For any piece of information used by a firm, its contributed value to the firm's output
will equal the net sale price (the firm's output price minus the input price), minus its quality
mismatch cost according to the firm's requirement. In particular, we assume
V = k - h(x) (3.7)
v is the information productivity (information input in efficiency units), k is the net sale
price for the piece of information input without mismatch, i.e., the value of the information
input transfered to the firm's output value prior to the deduction of the mismatch cost. k
is assumed to be constant in a competitive market. x is the mismatch distance between the
required information quality and the actually obtained information quality, and h(x) is the
mismatch cost function.
The mismatch cost, h(x), is an increasing function of mismatch distance x. This is
because with the same center population, the later the contact made, the lower is the
information quality, the longer is the mismatch distance, and the greater is its mismatch
cost. Since the poorer the information quality, the less valuable the information is to
the firm, thus the firm will discount more for the information that have longer mismatch
distances. Assuming cost function h is strictly convex with respect to the mismatch distance,
so
h'(x) > 0, h"(x) > 0
0 < h(x) 5 k (3.8)
The total value of an office firm's information output would be the sum of the informa-
tion values that are brought by all information inputs. Because a firm knows the rank of
information quality index before it makes contacts and always obtains the least mismatched
information first, a representative office firm's production function can be written as the
sum of the marginal value of information inputs
V = N N[k - h(x)]dx (3.9)
Where I is the number of contacts, or the number of information inputs for the firm;
N is the total number of firms at the center, which can also been seen as firm "density"
because all firms are indexed on the unit line. 1/N is the unit mismatch distance and I/N
is the mismatch distances corresponding to each of the sequential contacts (I = 1, 2, ...).
Thus V is the total information inputs normalized to the equivalent information unit with
the firm's information quality requirement. Assuming zero minimum production efficiency
scale, V represents the firm's value of information output. From Eq.(3.9), we have
=v k -h(-I) > 0a2V 1DIN
= h'(- < 0 (3.10)
aI2 N N
These conditions tell that a firm's total value of information output is increasing, ho-
mogeneous of degree one, and strictly concave in I. The firm's production function has a
diminishing return to scale with respect to its information input. Figure 3-2 shows the re-
lationship between the marginal information value function and the total information value
function with respect to the number of contacts for a given center size N. For a constant
unit contact cost, the firm's optimal number of contacts is achieved at I = *.
Figure 3-2: Marginal and Total Information Value Functions
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As the center size N increases, the unit mismatch distance 1/N decreases, which im-
proves all the information quality at the center. A firm can increase its total information
inputs by using the same amount of "budget," or can acquire the same number of inputs
with higher quality, or can use both ways in its production. By any means, however, the
firm will be able to produce higher value of information output in a larger center. The
relation between the firm's total value of information and the center size can be seen in
Eq.(3.11) which is obtained from (3.9)
dV N I 0
= I h(x)dx+-Nh(-)>0
d2 V V I
dN 2  N3h(N)<0 (3.11)
Eq. (3.11) indicates that the firm's total value of information is increasing, homogeneous
of degree one, and strictly concave in N. A larger center allows all firms to acquire better
and more information inputs. Therefore, the value of information increases and the level of
business activities rises as the center grows.
Based on the information value function of (3.9), we can also obtain the cross partial
relationship between the input I and the center size N
aON h'(--) > 0  (3.12)MIN N2 N
The positive cross partial relation tells that the marginal value of information is greater
in larger centers than in smaller ones. This is because office firms in larger centers are more
specialized and the values of their information are higher.
3.3 Office Firm's Profit Function
Besides the information inputs, an office firm also employs land and labor in its production.
We assume that firms occupy a finite amount of land at the CBD, and their commuting
cost inside the business district is equal to zero. Furthermore, we assume that each firm
hires one worker and has a fixed land-to-labor ratio of L. Thus the production function
has the property of constant return to scale with respect to labor input. Assuming the
competitive net sale price is unity, the firm's production function can be generalized by
using the information value function
V(I, N) (3.13)
V represents the value of an office firm's output of information, which is simply the value
of output/worker, or value of output/firm (for one-worker firm). When the center grows,
a firm's total value of information rise, as will the firm's total contact cost. In addition,
the land rent will also rise as the city expands. A firm's decision on the optimal number of
contacts is based on the desire to maximize its total profit from all contacts. Suppose all
firms are myopic in making their business decisions, the profit function for an office firm in
the first center is
max I 1 = V1(11, N1 ) - ci1 i - Lr1 - wi (3.14)
I1
where,
N1 : the first center's (CBD) population
V1: the CBD firm's value of information output per worker
Ii: the CBD firm's number of information inputs or number of contacts
ci: physical cost per contact at CBD
ri: office land rent at CBD
wi: worker's wage at CBD
L: land-to-labor ratio for office firms
In Eq.(3.14), the unit cost of intra-center physical contact, ci, is constant, the total
physical contact cost is a linear function of the number of contacts, 11. Since each firm only
hires one worker, the total office land rent is simply Lri, which increases linearly with the
center size according to Eq.(3.6). The CBD worker's wage is assumed to be exogenous to
our model at wi. Thus at any point of time, the firm's maximum level of profit can be
obtained by solving the first order condition in Eq. (3.15)
BU 1  _BV(Ii, Ni) _
an v- ci = 0 (3.15)
From Eq.(3.15), we are able to solve the optimal number of contacts made by the firm
for a given center size. Therefore, the optimal number of contacts Ii* is a function of the
center size N1 and the unit physical contact cost c1
I* = J(N1, ci) (3.16)
We know from the discussion in the previous section that as more firms cluster into
the center (N becomes larger), the unit mismatch cost falls and the quality and quantity
of information increases. Using the information value function of Eq. (3.9), the relation
between the optimal number of contacts and the center size can be easily obtained 4
> 0 (3.17)ONi
Since the firm's maximum profit at a certain point of time is the profit when the firm
makes an optimal number of contacts, it will be a function of the center size. Hence, with
center population growing exogenously, we are able to obtain a set of short-run equilibria
over time, at which all firms can make the same level of maximum profits of the time. The
relationship between the firm's maximum profit level and the population size can be seen
from the first and second order conditions of the profit function with respect to the center
size N1 . Using the envelope theorem and combining Eq.(3.14) and Eq.(3.6), we have
dH1  aV(I*,Ni) 1 >
dN1  ON 1  2
dN1 - VN12 <0 (3.18)
The negative second order condition implies that a firm's maximum profit is a concave
4See Appendix A.
function of the center size. The maximum profit of a firm would first rise then fall as the
city grows over time. The turning point is the optimal center size at which the firms achieve
their all-time maximum profit level. This property reflects the clustering behavior of the
office firm.
When the center grows, there will be better matched information available as a result
of product innovation and firm specialization. The office firms will be able to acquire larger
quantity and higher quality of information, business activities and all firms' information
values will increase. With more firms at the center, however, the production cost of office
land rent is also bid up. At the early stage of the city development, the rate of increase in
revenue is higher than the rate of increase in cost, i.e., the first derivative of firm's profit
with respect to center size is positive, thus the profit level rises with the city size. While
at the later stage of the city development, additional firms at the center will bring more
costs than revenues, i.e., the first derivative of profit with respect to center size becomes
negative, the firm's profit level will decline with center size. When the marginal revenue
is equal to the marginal cost, the center reaches its optimal size and firms attain their all
time maximum profit. The optimal city size for the first center can be obtained by solving
the following first order condition
aH 
_ BV1(J7N1 ) 2qTL = 0 (3.19)
aN1  ON1  2
3.3.1 Comparative Statics for Optimal Center Size
From Eq.(3.15) and Eq.(3.19), we can derive the comparative statics for the optimal pop-
ulation size Ni and firm's optimal information input level I1 with respect to exogenous
factors q, T and ci 5 as follows
o< 0 < 0, < 0, < 0. (3.20)oc1 BrF Oq 0L
These partial relations indicates that the optimal center size is smaller if the unit physical
contact cost is larger, or the unit transportation cost is higher, or the residential density is
5 The proof is in Appendix A.
lower, or the land-to-labor ratio is smaller.
If unit physical contact cost is smaller at the center, a firm will be able to acquire more
information inputs and to achieve higher level of business profit (the profit before deducting
land rent and wage). For example, if the city has better communication channel, it will
cost less to obtain its inputs of information, thus the profit would be higher for the same
amount of information. As a result, it will take longer time for firms' profit to reach its
maximum point and the optimal population size is larger.
If the unit transportation cost is higher, marginal commuting cost would be greater
given the same population at the center, and the center's office land rent will rise faster.
For the same information value function, it will take shorter time for the firm's marginal
value of information to fall to equal its marginal cost. It is sooner for firms to achieve their
all time maximized profit level, thus the optimal center size is smaller.
By the same token, the larger the household's land consumption or the lower the resi-
dential density, the larger will be the city's physical area given the same population. The
marginal worker will commute longer distance and land rent at the center will increase
faster. The faster increase in production cost makes it sooner for the center to reach it's
optimal size.
If the land-to-labor ratio is smaller, each firm will have less amount of space for its
production, thus it will pay less for its office rent. The lower production cost will enable
the firm to have higher profit level given that other things equal. Hence the optimal center
size will be larger.
If the city continues to grow after its optimal city size, the increasing cost will outpace the
rising revenue from clustering, the profit level will fall for all firms. When the falling profit
reaches the level at which it is equally profitable for a firm to locate at other places rather
than at the CBD, the center will attain its critical size. Then where will new firms locate?
Under what conditions will the subcenter form? How will the subcenter grow? These
questions are crucial in explaining the office firm clustering behavior and the changing urban
land values over time and space. In the next section, we first examine the decentralization
and location of the first suburban firm.
Chapter 4
The Decentralization and
Location of the First Office Firm
The preceding single center growth model tells us that the profit of the CBD firms rises
with population growth when the city is smaller than the optimal center size, and falls with
population growth when the city is larger than the optimal center size. This relationship
implies that the profit level for each firm decreases when more firms cluster at the later stage
of the CBD development, and newborn firms will have less incentive to join the existing
firms at the center. Our next question is: where will these new firms locate?
There are two possibilities. First, new firms can look for the place where the economies
of scale are stronger. Given the information value function, this criterion can be satisfied
when the unit cost of physical contact, ci, is smaller. With lower physical contact cost,
more firms can be accommodated in the center, and the unit mismatch cost can be lower.
However, this means the firm needs to locate to another metropolitan area that has a
better transportation system or information channel. Yet, this involves inter-metropolitan
location, which is beyond the scope of this study.
Second, new firms can look for the location where land rents and wages are lower.
The suburbs in the same metropolitan area have lower land rents and are the promising
hinterland for starting business. Moreover, the labor source is more readily available in
suburban areas than in the middle of farm land, and wages can be lower than those at
locations closer to the CBD. Once the CBD firms' profits fall to the level at which it is
equally profitable for a new firm to locate in the CBD or in the suburbs, the CBD reaches
its critical center size, and it is time for the firm to decentralize.
Differing from the single center formation in which a firm only considers other firms in
the same center as its contact partners, the suburban firms can choose their information
inputs among all firms in the metropolitan area. In other words, the suburban firm treats
all the firms in the metropolitan area, regardless of their location, as if they were in the
same pool from which it can acquire information inputs. This assumption is based on the
fact that firms share the same labor market as well as other economic resources throughout
the metropolitan area. Though subcenters contain spatially separated economic activities
or firms, each subcenter is only a part of the integrated urban economy. Hence, the value
of information of the suburban firm is a function of the metropolitan size rather than the
subcenter size. The suburban firm ranks all the information inputs in the metropolitan area
according to its information quality and takes the best matched information first, then the
second best, and so on until the marginal benefit of the information is equal to the marginal
cost of the information. As the metropolitan size increases, firms become more specialized
and their information quality improves.
Initially, however, as there is no other firm in the suburbs, the first suburban firm is
constrained by the amount of information it can acquire for its production. It will either
make no contact, or make the inter-center contacts with the CBD firms. If the firm makes
inter-center contact, its unit contact cost will be higher than that for the CBD firms, and
will increase as it locates farther from the CBD. On the other hand, land rents and wages
will be lower in the suburbs, and will fall as the firm moves away from the CBD. Hence,
there exists a trade-off between the contact cost and the cost of land rents and wages as
the firm locates in the suburbs.
The cost of inter-center transportation and communication determines the business con-
tact pattern of the suburban firm. If the cost of inter-center transportation and communi-
cation is too high, and the suburban firm cannot make a profit by making these contacts,
then it will not make any contact with other firms. If the costs of this communication and
transportation become lower, and the suburban firm can make a profit by making contacts
to the CBD, then it will make the contact. In this case, the initial suburban firm relies
on the inter-center contacts with the existing CBD firms to obtain its inputs, and takes
advantage of the existing firms. We will discuss these two scenarios of office firm decen-
tralization, with and without inter-center contact, separately in the following sections. For
simplicity, we will call the scenario without inter-center contact Case A and the scenario
with inter-center contact Case B.
4.1 Case A: Without Inter-Center Business Contact
4.1.1 Decentralization of the First Office Firm
When the inter-center unit physical contact cost (a) is too high, the first suburban firm
does not contact the CBD firms, nor do the CBD firms go to the suburbs for information
inputs because no profit can be made. The suburban firm has to obtain all its information
inputs locally. However, as there are no other firms to contact initially in the suburbs,
the number of contacts for the first suburban firm is zero, 12 = 0, as is the total cost of
intra-center contacts1 . Hence moving out of the CBD reduces a firm's business activity
level tremendously. The first suburban firm's objective is then to maximize its profit with
respect to the distance between its location and the CBD (S); its general profit function is
max H = V[0,Ni + 1] -w 2(S) -Lr 2 (S) (4.1)S
where,
V: suburban firm's total value of information
N1 : the population at the CBD
N2 : the population at the subcenter (N2 = 1)
r2: office land rent at the subcenter
w2 : worker's wage at the subcenter
L: land-to-labor ratio for office firms
S: distance between the CBD and the location of the first suburban firm
The first term in Eq.(4.1) is the firm's total value of information. Unlike the single
center formation process, however, the first suburban firm is more specialized and the unit
information mismatch distance is shorter than is that for the first CBD firm because the
information value is a function of the metropolitan size. The second and third terms are
wages and land rents in the suburbs respectively.
C212 = 0, where c2 is the physical cost per contact in the suburbs, and is assumed to be constant in a
thin strip area of the business district.
Without intra-center contact, the firm's output of information is produced through its
internal production. The firm's internal production, lower wages, and land rents in the
suburbs make the firm as profitable as the CBD firms. Because the profit levels of the CBD
firms are on the falling portion of the profit curve, it is possible for the CBD profit level equal
the starting profit level of the first suburban firm. By setting Eq.(3.14) to equal Eq.(4.1)
and reorganizing, we obtain the necessary condition for the first firm to decentralize, which
is
V[I*, N* + 1] - V[O, N* + 1] = ciI* + L[ri - r 2 (S*)1 + [wi - w2 (S*)] (4.2)
where N* is the critical center size of the CBD, and S* is the optimal location of the first
suburban firm. The left hand side of Eq.(4.2) is the difference in the value of information
between a CBD firm and the first suburban firm, which should be positive because the
CBD firms handle a larger quantity and a higher quality of information, thus producing a
higher value of information output. On the right hand side, the first term is the difference
in the physical contact costs, which is also positive because the starting contact cost in the
suburbs is zero. The second term contains the suburban firm's savings in office land rents
at location S*, are positive due to the negative land rent gradient in the monocentric city.
The third term is the firm's wage savings at location S*. Clearly, the firm will locate to
the suburbs when its savings in land rents and wages are greater than the benefits from the
higher value of information at the CBD.
Since both wage and land rent savings depend on the location of the first suburban firm
and the critical center size of the CBD, the optimal location S* and the critical size of the
CBD N* are jointly determined. To find out the critical city size of CBD, or the time for
the first office firm to decentralize, we need to know the location of the firm in the suburbs,
and vice versa. Let's start with the location of the first suburban firm.
4.1.2 The Location of the First Suburban Office Firm
When the first firm seeks its suburban business location, it will look for a place where its
profit can be maximized. Without the inter-center contact, the production technology of the
first suburban firm and the value of its information output will not vary by location, hence
the profit maximizing firm will make its location choice based on the cost minimization rule.
The optimal location for the first suburban firm must be its minimum cost location.
The initial office land rent for the first suburban firm, r2, equals the residential land
rent at the location, i.e., r 2 = R1 (S). Since at equilibrium all residents throughout the
metropolitan area are equally well-off and have the same level of total consumption, R1 (S)
is just equal to the residential land rent at the boundary of the CBD minus the extra
commuting cost at S. As the land rent beyond the city fringe is equal to the agricultural
land rent, the initial office land rent function for the first suburban firm is as follows
r2(S) Ra+(D1-S)T ifS Di (4.3)
Ra if S > D1
Without cross commuting (i.e., households work and reside in the same center, there is
no cross-border commuting), the marginal worker in the suburbs has a shorter commuting
distance to his working place than the marginal worker at the CBD because the subcenter
is smaller than the CBD. For all workers in the metropolitan area to be equally well-off,
the suburban firm could pay less wage to its worker. The wage at the subcenter would
be a function of the commuting cost savings between the marginal suburban worker and
the marginal CBD worker; more specifically, it is a function of the difference between the
marginal commuting distance of the marginal worker in the subcenter and that of the
marginal worker in the CBD. If the firm locates beyond the city fringe, however, labor will
become more scarce than it is within the city fringe; thus the firm is not able to make full
use of the existing labor market. Moreover, the existing workers may have to commute a
longer distance (S - D* > 0) to the outer locations, and the worker's total expenditure will
be higher. As a result, the suburban firm will have to pay a higher wage to attract existing
workers to the outer location than it would if it were to locate at the city fringe. The wage
function for the first suburban firm is
W2 (S){W1 - TS if S < D1  (4.4)
w1 + (S - 2D1 )r if S > Di
For locations within or at the city fringe of critical center size, i.e., S < D*, the first
Figure 4-1: The Location of the First Suburban Firm and Its Cost of Production
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suburban firm's total cost function is
TC 2 (1) = (w1 - rS) + L(Ra + D*r - rS) (S < D*) (4.5)
The first derivative of the total cost with respect to distance S is negative, implying
that the total cost of production declines as distance from the CBD increases. This can be
explained by the declines of both land rents and wages from the CBD to the city fringe (see
Figure 4-1).
For locations beyond the city fringe, the total cost function for the first suburban firm
changes to the following
TC2 (1) - [w1 +r(S - 2D*)] + LRa (S > D*) (4.6)
In Eq.(4.6), the first derivative with respect to distance S is positive, suggesting that
the total cost rises at locations beyond the city edge. Combining the two cases, within and
beyond city fringe, we find the optimal location is at the city edge, i.e.
S* = D* (4.7)
4.1.3 The Critical Size of the CBD
It is easy to determine the critical CBD size after finding the location of the first suburban
firm. Since the first suburban firm achieves the same level of profit as the CBD firms under
critical size, substituting land rent function of Eq.(4.3) and wage function of Eq.(4.4) into
Eq.(4.2), and replacing S with D* = 'N*q, we have
1V[I*, N* + 1] - V[0, N* + 1] - cI* - N*qr(1+ L) = 0 (4.8)2
Solving Eq.(4.8) for N*, we obtain the critical size for the CBD
N* = N[ci, r, q, L] (4.9)
Using implicit function rule, a simple manipulation results in the following comparative
statics 2
< 0 , < 0 , < 0 , < 0. (4.10)9c1 097 aq aL
These partial relations imply that the critical center size for the CBD is larger if the
physical contact cost ci is smaller; or the unit transportation cost T is smaller; or the
residential density, 1/q, is greater; or the land-to-labor ratio L is smaller.
If the cost of face-to-face physical contact is smaller (e.g. the city has better information
channels), firms will be able to make more business contacts and obtain more information
inputs, and the profit will rise for the same level of land rents and wages. More specifically,
higher levels of information flow and business activities will increase the firm's production
inputs and output; thus the firms will be able to pay a higher cost for their production. As
a result, more firms can be accommodated in the CBD, and the critical center size is larger.
If unit transportation cost is lower, the savings in commuting costs for the central
residents are smaller for the same number of city residents, and the office land rents will
2The proof is in Appendix C.
be lower at the CBD. Given the production technology, it will take a longer time for the
firm's profit to fall to such a level that a newborn firm will start to locate to the suburb.
This implies that the CBD will have a larger center size. Similarly, the less land consumed
by each household (q), i.e., the higher the residential density, the smaller the city physical
area, and the shorter the marginal worker's commuting distance, given the same population.
Thus the central land rent is lower, and it takes a longer time to reach the critical city size.
The lower the land-to-labor ratio, or the higher the office density, the smaller the amount
of office space the firm will use for its production; thus its total cost of land rent is less.
The production cost will increase more slowly as the city grows. As a result, more firms
will be accommodated in the center before the critical size is reached.
In the next section, we discuss the decentralization of the first office firm in the case
with inter-center business contacts.
4.2 Case B: With Inter-Center Business Contact
4.2.1 Decentralization of the First Office Firm
As the physical contact cost (a) becomes smaller, the first suburban firm is able to take
advantage of external economies of scale of the CBD by making inter-center business con-
tacts. This allows the firm to increase its initial level of information input and output.
The first suburban firm considers all other office firms within the metropolitan area as in
the same pool of information from which it can acquire inputs. However, the firm prefers
intra-center contacts to inter-center contacts because the former has a lower unit contact
cost. As there is no other firm initially in the suburbs, i.e., the intra-center contact is zero,
122 = 0, the first suburban firm relies entirely on the existing CBD firms for its information
inputs. The first suburban firm's objective is to maximize profit with respect to its total
number of inter-center contact 121 and its distance to the CBD S; its profit function is
max II = V[12 1, Ni + 1] - (ci + aS)I21 - W2 (S) - Lr 2 (S) (4.11)
121,S
where,
N1: total population in the CBD
N2 : total population in the subcenter (N 2 = 1)
121: number of inter-center contacts for the suburban firm
Ci: unit intra-center physical contact cost at the CBD
a: inter-center contact cost per unit of distance
w2: wage at the suburban location
r2: office land rent at the suburban location
S: the distance between CBD and the location of first suburban firm
The first term in Eq.(4.11) is the value of information from the inter-center contacts.
The second term is the suburban firm's total cost of inter-center contact. The net of the first
two terms are the business profit from the information inputs. The unit cost of intra-center
contact ci is assumed to be constant within the thin strip area of the business districts.
Though the unit cost of inter-center contact aS increases with the distance between the
first firm's location and the CBD as the firm moves out of downtown, the business profit
must be positive for any cost effective contact. Therefore, not only the lower production
costs of land rents and wages at the suburban location, but also the inter-center business
contacts make the first suburban firm as profitable as the CBD firms. Setting Eq.(3.14) to
equal Eq.(4.11), and reorganizing, we obtain the necessary condition for the first firm to
decentralize
V[Ii*, (Nj* + 1)] - ciIj* - Lri -wi =
V[I2*1, (Nj* + 1)] - (ci + aS)I2*1 - Lr 2 (S) - W2 (S) (4.12)
where N* is the critical center size of the CBD. In comparison with Eq.(4.2) in the case
without inter-center contacts, the initial level of information input for the first suburban
firm is higher in the case with inter-center contacts. If the saving in wages and land rents
are the same in the suburbs, the first firm with inter-center contacts will have a higher level
of starting profit. Then the decentralization will take place sooner, and the critical CBD
size will be smaller.
Since both the location of the first suburban firm and the critical size of the CBD affect
the initial optimal information input level and the profit level in the suburbs, the critical size
of the CBD and the optimal location of the first suburban firm have to be simultaneously
determined. We will discuss the location of first suburban firm in the next section.
4.2.2 The Location of the First Suburban Office Firm
With inter-center contacts, the unit information cost of the first suburban firm increases
with its distance to the CBD. The farther it locates from the CBD, the lower its optimal
level of information inputs and the smaller its business profit. However, the firm can save
more in wages and land rents by locating farther from the CBD. The total savings in land
rents and wages increase from the CBD to the city edge, and diminish if the firm moves
beyond the city fringe. Hence, the firm's location depends on the trade-off between the
decrease in its business profit and the increase in its savings in land rents and wages. These
two factors jointly determine the relationship between the first firm's net profit level and
the distance from the CBD.
For a given population in the metropolitan area, the first suburban firm will choose the
number of inter-center contacts at the level where its profit is maximized. The first order
condition of its profit function with respect to I21 must be zero
2 
_ V[IN*1 N,+ 1]_ (ci + aS) = 0 (4.13)
0121 a121
From Eq.(4.13), we can solve the optimal level of information input Ii for the first
suburban firm. This information input level is a function of the distance, S, the inter-
center contact cost per unit of distance, a, the center size of CBD N1 , and the unit contact
cost at the CBD, c1
I2i = I[NiI S, a, c1] (4.14)
It is easy to prove that the optimal contact level, Ii, has the following relationships
with the parameters3
____1 ai21  0 I ai2*1 ",*1 0
> 0, < 0, 9<S0, <1 0. (4.15)ON1ppS Bax8ci
3See Appendix E.
Assuming that the firm makes its contact to the optimal level, using land rent and wage
functions of Eq.(4.3) and Eq.(4.4), the relationship between the first suburban firm's net
profit and the distance S can be seen from following the first and second order conditions
of Eq.(4.11)
BIIB -I2i a + 7(1 +L) 0 if S<Di
aS -I 1 - r < 0 if S > Di
82 
-
a 21> 0 (4.16)
The first term in the first order condition of Eq.(4.16) is the marginal business profit
with respect to distance S, at the optimal level of information input. For all distance S,
the marginal business profit is negative, reflecting the fact that the firm's business profit
decreases as the firm moves farther from the CBD. The second term is the sum of marginal
savings in land rents and wages, which increases with S when the location is within the city
fringe, and decreases with S when the location is beyond the city edge.
Notice the magnitude of the changes in the first firm's net profit depends not only on
the relative size of the savings in rents and wages, and the unit cost of inter-center contact
aZ, but also on the optimal information input level Ii that the firm acquires from the CBD
firms. When the marginal decrease in the inter-center business profit is larger than the
marginal savings in wages and land rents, i.e., Ioia < T(1 + L), the net profit will decrease
with distance S. When the marginal decrease in the inter-center commuting cost is smaller
than the marginal savings in land rents and wages, i.e., I ca > T(1 + L), the firm's net
profit will rise as S increases.
The second order condition in Eq.(4.16) suggests that the distance at which the first
order condition equals zero is the minimum profit location for the first suburban firm.
Specifically, when the firm moves out from the CBD, its net profit first falls with distance
S as the decrease in business profit is faster than the increase in savings in land rents and
wages. The firm's net profit rises with distance S later when its savings in land rents and
wages exceed its fall in business profit.
Since the unit cost of inter-center contact, aS, rises and the information input level,
I21, decreases with distance S within the city fringe, the total contact cost of information
and the business profit level of the first suburban firm is indeterminate unless an explicit
production function is defined to justify the amount of inter-center information inputs, as
well as the differences between the savings in land rents and wages and the business profit
level at each location. Here we use graphs to show the likely outcomes.
For a given unit commuting cost r, the first firm's savings in land rents and wages
at location S is equal to (1 + L)rS. The rate of the firm's declining business profit with
distance S, however, varies depending on the magnitude of the information decay factor
a (determined by the information technology). If a is high, i.e., the inter-center cost of
communication is high, the optimal information level Ii will fall much faster with S, and
the usage of inter-center business contact will be less likely for the first suburban firm. If a is
low, i.e., the inter-center cost of communication is low, the optimal information level Ii will
drop slowly with S, and the usage of the inter-center business contact by the first suburban
firm is more likely. Figure 4-2 depicts the possible business profit, cost savings, and the net
profit curves for the first suburban firm with a given CBD size, but with different values of
a~.
In Figure 4-2a, the decay factor a is very high, which implies that the inter-center
business commuting cost is very high. The net profit of the first firm falls continuously with
distance S from the center outward. This suggests that there is not a suburban location
where the firm can be as profitable as can the CBD firms. The reason is that the inter-
center business contact is not profitable at this time. The firm has to wait until the profits
of the CBD firms fall to the level that equals its profit from internal production and savings
in land rents and wages before it can locate to the suburbs. In this case, no inter-center
contact will be used by the first suburban firm and the office firm decentralization will occur
later. This scenario has been discussed in Section 4.1.
As o decreases, shown in Figure 4-2b, the rate of the decreasing business profit with
distance S slows, and the increase in savings in land rents and wages with S can be greater
than the fall in business profit; thus the net profit starts to level-off towards the city edge.
However, because the maximum savings in land rents and wages, plus the firm's business
profit from the inter-center contact is still less than the CBD firms' net profit, newborn
firms will continue to locate at the CBD. The decentralization of office firms will thus be
delayed.
In Figure 4-2c, when a becomes very small, the optimal level of inter-center contacts will
Figure 4-2: The Location of the First Suburban Firm and Its Profit as a Function of Contact
Cost (a)
a: Location of the first SBD firm and its profit (high a)
Profit
CBD S*** S** S*=D S
b: Locations of the first SBD firm and its profit (med. a)
Profit
CBD
c: Locations of the first SBD firm and its profit (low a)
increase. At the city edge, the maximum savings in lands and wages plus the inter-center
business profit are large enough to equal the profit level of the CBD firms. At this time,
the decentralization of office firms takes advantage of the inter-center business contacts.
The above figures show that the firm will either stay downtown, or locate at the city
edge, no matter what the value of a is. This is because the firm's business profit always
falls with S, whereas the savings in land rents and wages rise with S from the CBD to the
city edge S = D 1, and fall with S at locations beyond the city edge. Hence, the maximum
profit location of the first firm is at the city fringe
S * = D* (4.17)
From the analyses of the two cases, with and without inter-center business contacts, we
conclude that the optimal location of the first suburban firm is always at the city fringe.
The scenario without inter-center contacts can be regarded as a special case of the scenario
with inter-center contacts. Until the information technology has been developed to a level
that will allow the cost of inter-center business contacts to be sufficiently low, it will take
a longer time for the business suburbanization to take place. The evolution of information
technology dramatically reduces the physical contact cost of information (fax, telephone
calls can be used to replace some of the face-to-face contacts); as a result, "space" becomes
smaller in urban areas. It is the usage of the lower costs and more efficient information
technology that makes it possible for office firms to move out of the downtown area sooner
to enjoy cheaper land and labor in the suburbs.
In both cases, with and without inter-center business contacts, the information level of
the first suburban firm is lower than that of the CBD firms. This suggests that only the
firms that require a lower level of information input in their production will first decentralize.
Firms that require higher level of information input in their production will not be the first
to "move-out" of the CBD.
4.2.3 The Critical Center Size of the CBD
Having solved the optimal location S*, it is easy to obtain the critical center size for the
CBD. Substituting distance S* from Eq.(4.17), land rent function from Eq.(4.3), and wage
function from Eq.(4.4) into Eq.(4.12), and reorganizing, we have
V[I*, (N*+ 1)] - V[I1i, (N* + 1)] - c1 I* + (c1 + I- Ni~qT(1 + L) = 0
(4.18)
The critical center size of the CBD can be obtained by solving the above equation
N* = N(c, , T, q, L) (4.19)
Differing from the case without inter-center contacts, the critical size changes with the
information decay factor a. Using the implicit function approach, we derive the comparative
statics for the critical CBD size with respect to the exogenous parameters4.
a~*< 0, >~* 0,1cIj < 07,* < 01,* < 0. (4.20)0oc1 ia o-r aq aL
For the same reasons as those in the scenario without inter-center contacts, the critical
CBD size is larger if the unit intra-center contact cost ci is smaller, or the unit transportation
cost T is lower, or the residential density 1/q is higher, or the land-to-labor ratio is smaller.
The critical size of the CBD is smaller if the information decay factor c is smaller. This
is because the decrease in information decay factor reduces the cost of inter-center physical
contact, and makes it possible for the move-out firm to take advantage of the existing
CBD firms to increase its initial level of information input. The higher optimal level of
input will lead to a higher level of starting profit for the initial suburban firm, and thus a
smaller critical size for the CBD. Actually this is a widely observed fact: the evolution of
information technology speeds up the business suburbanization process in newly developed
urban areas in the U.S.
4 The proof is in Appendix D.
4.3 Conclusion
This chapter analyzes the causes of office firm suburbanization, the timing of decentraliza-
tion and the location of the first suburban firm. We conclude that office firms decentralize
as a result of the rising costs of land rents and wages at the CBD that override the benefits
(improved information quality and savings in contact cost) from clustering. By moving out
to the suburbs, the office firm can save land rents and wages, though its unit cost of infor-
mation is higher initially. When the CBD firm's profit falls to the level that it is equally
profitable for a new firm to locate in the CBD or in the suburbs, the time for office firm
suburbanization has arrived.
The timing for office firm decentralization depends on the business contact pattern of
the firm, and other parameters such as unit physical contact cost, unit transportation cost,
residential density, land-to-labor ratio, etc. The critical center size of the CBD will be large
and the business suburbanization will occur late if the information technology is poor and
the unit inter-center contact cost is high. In this case, the first suburban firm cannot take
advantage of the economies of scale by making contacts with the CBD firms. It is the first
suburban firm's internal production and the savings in land rents and wages in the suburbs
that make it as profitable as the CBD firms. With better information technology and lower
unit cost of contact, however, the critical center size of the CBD will be smaller and business
suburbanization will take place sooner. In this case, the initial suburban firm benefits from
the external economies of scale from the CBD through inter-center contacts. It is both the
inter-center contacts and the savings in land rents and wages that make the first suburban
firm as profitable as the CBD firms.
The optimal location of the first suburban firm is always at the city fringe where the
firm's profit can be maximized. This is true in both cases with and without the existence
of inter-center contacts.
Since the initial information level at the SBD is lower compared to that at the CBD
in both scenarios of firm decentralization, we expect only firms that require a lower level
of information input to be the first to move to the suburbs. If a firm requires a high level
of information input, its total inter-center business contact cost could be higher than its
savings in land rents and wages, it will not locate to the suburbs. If a firm does not require
a high level of information input, its total inter-center contact cost can be smaller than its
savings in land rents and wages, and it is possible for the firm to make use of the lower
costs of land and labor in the suburbs to start the SBD. The possibility that the suburban
firm can take advantage of the existing information at the CBD is crucial in distinguishing
subcenter formation from single center formation. The location of the former heavily relies
on the existing firms at the CBD, while the location decision of the latter is independent of
the existing firms.
Chapter 5
Office Firm Decentralization,
Clustering and SBD Growth
Section 3.2 suggests that firms clustering in the CBD have intertwining information linkages
and the growth of the CBD entails endogenous product differentiation and firm specializa-
tion over time. Firms that do not have close production relations will not be in the same
center as there is no profit gain by locating together. The clustering office firms should have
similar requirements for the level of information input, which is equal to the optimal num-
ber of contacts at the center. Hence, only those firms that demand information exchange
and require the same level of information flow will cluster in the same CBD, and others
will form different CBDs in other metropolitan areas. This explains why we observe the
formation and growth of different types of cities at the regional level. The type of the first
CBD firm' determines the type of the city because other firms which follow will have close
production relations and a similar level of information input requirements to the first firm.
The development timing of different types of cities is random because the birth of different
types of firms is stochastic.
However, as we have shown in chapter 4, the development timing of the subcenter is
deterministic because it is the firm that has close production relations with the existing
firms, but is unable to continue to cluster with its close partners at the CBD, thus being
"forced" to move out of downtown to the suburbs. More important, in a single center
formation, it is assumed that there are no production connections among firms in different
'The firm type is defined as the production requirement for the type and the level of information input.
centers in the region. Within the metropolitan area, however, all firms share the same
labor market, and production linkages among firms in different subcenters are possible. In
other words, suburban firms in the same metropolitan area can make inter-center business
contacts. This process is crucial in distinguishing single center formation and subcenter
formation, and essential to explain the clustering of suburban firms and the growth of the
SBD.
In this chapter, we are going to examine office firm decentralization, clustering, and
the initial growth of the SBD. More specifically, we will examine how the second and other
following firms choose location in the suburbs and the conditions for their spatial clustering.
To facilitate our discussion, we assume that the city is on a featureless plain. Since a linear
city can be viewed as a special case of the "plain", we continue to assume a linear city
when we study the land-use patterns for a multicentric city. Section 5.1 discusses the types
of production technology that suburban office firms use. Section 5.2 examines office firm
decentralization and conditions for spatial clustering. Section 5.3 demonstrates the initial
growth path of the SBD.
5.1 Suburban Office Firm Production Technology
After the CBD reaches its critical size and the first firm moves to the suburbs, the second
suburban firm and other new firms will face two locational choices in the metropolitan
area. One is at the place next to the first suburban firm, the other is at another city fringe
location. Where a new firm will locate depends on the closeness of the production relations
between the new firm and the existing suburban firms. In addition, a new suburban firm
will also have two choices of contacts. One is intra-center contact with local firms, the
other is inter-center contact with the CBD firms. However, a firm will always search for
information inputs within its center first before it reaches out to the CBD because the unit
cost of intra-center contact is lower than that of inter-center contact.
Will suburban firms make intra-center contacts among themselves? Or will they make
inter-center contacts with the CBD firms? Or will they make both inter-center contacts and
intra-center contacts? The difference in business contact patterns represents the difference in
production technology of the office firm. New office firms are born randomly in the suburbs
in the sense that the production relationships among suburban office firms are not certain.
If there is no linkage between two suburban firms, they will not make contacts; whereas
if two suburban firms have production linkages, they will contact each other. Moreover,
depending on the magnitude of the unit cost of inter-center contact (a), the suburban firms
may or may not make contacts with the existing firms at the CBD. These choices of contacts
for suburban firms will lead to a total of four possible types of business contact patterns,
which advocate four different types of production technology:
1. Suburban firms make neither intra-center nor inter-center contacts (Case Al);
2. Suburban firms only make inter-center contacts with the CBD firms (Case B1);
3. Suburban firms only make intra-center contacts among themselves (Case A2);
4. Suburban firms make both intra-center and inter-center contacts (Case B2).
According to the four types of production technology, we organize the next section into
four cases to discuss the conditions under which the suburban office firms will decentralize
and cluster, and the conditions under which they will decentralize but will not cluster.
5.2 Office Firm Decentralization and Conditions for Spatial
Clustering
5.2.1 Case Al: Without Intra-Center and Inter-Center Business Con-
tacts
Since an office firm considers all other firms in the metropolitan area as in the same pool
of information inputs, the firm's information quality improves as the metropolis grows.
However, if the second suburban firm does not have a close production relation with the
first one, it will not make contact with the first firm and the number of intra-center contacts
will be zero, 122 = 0. If the unit cost of inter-center contact, or the information decay factor
a, is too high for the second suburban firm to achieve any profit gain by contacting the CBD
firms, it will not make any inter-center contact. Thus its number of inter-center contacts
is also zero, i.e., 121 = 0. This means that the second firm will make no contact when it
locates in the suburbs, i.e., 12 = 0. This is also true for all other suburban firms, thus the
profit function of a representative suburban firm is
2 = V[O, Ni + N 2] - W2 - Lr 2
where,
N1 : population at the CBD
N2: population at the subcenter
W2: wage at the subcenter
r2: office land rent at the subcenter
In Eq. (5.1), the first term is the value of output that the suburban firm produces. As
the number of firm contact is zero, the suburban firm relies only on its internal production.
Hence the firm's value of information will not change and should always equal its internal
production revenue, no matter whether or not it locates next to the first suburban firm.
The second and third terms are wages and land rents that the firm pays in the suburbs
respectively. Since land rents and wages will increase when firms locate next to each other
(N2 increases), the profit of the second suburban firm will fall if it locates with the first
suburban firm. This relationship between the suburban office firm's profit and subcenter
size can be revealed from the first order condition of Eq.(5.1). Using envelop theorem, we
have
dHAld2 - 1 (1 +L)qT < 0 (5.2)dAT 2  - 2
Because the suburban firms' profit level falls if they cluster, the second suburban firm
will seek another suburban location rather than the one next to the first firm. Being at
another city fringe location, the second suburban firm will be able to pay the same level
of land rents and wages, and produce the same value of output as the first suburban firm
(when there is no land use constraint). More specifically, the second suburban firm locating
at Di will make a profit Hfl (1, Di) equaling the profit HA1 (1, D*) of the first suburban firm
locating at Dt, but both are higher than the profit level HA1 (2, Dt) if they locate together,
i.e.,
(5.1)
Ul'(1, Di) = HA1 (1,D*) > ll(2,D*) (5.3)
where i represents ith city fringe location in the suburbs, i = 3,4, ... ; Di equals D* in
length but represents a different location from the first firm. This relation suggests that
decentralization of office firms will take place, but spatial clustering will not occur.
When the metropolitan size increases, office firms become more specialized and their
information quality increases through product differentiation. Assuming that CBD firms
do not relocate, they will have a higher profit level than when they are under critical size
of the CBD. The profit level of the suburban firms, however, may also increase from their
internal production, thus keeping the profit levels equal at both the CBD and the SBD.
5.2.2 Case Bi: With Only Inter-Center Contacts
When the unit cost of inter-center contact a becomes lower, the inter-center contacts will
be profitable. Like the first suburban firm, the second suburban firm and other new firms
will also be able to acquire their information inputs from CBD firms through inter-center
contacts. If the second suburban firm has no production or weak production relation with
the first suburban firm than with the CBD firms, it is possible that its intra-center contact
with the first suburban firm is not as profitable as its inter-center contacts with the CBD
firms, even though the latter has a higher unit contact cost. To one extreme, if all the sub-
urban firms cannot find profitable information inputs among themselves, then the number
of intra-center contacts will be zero, i.e., 122 = 0. The total number of contacts for the
suburban firm is just equal to the number of inter-center contacts, I2 = 121. The suburban
office firm's objective function is
maxH21 = V[1 2 1 ,Ni +N 2 ] - 12 1 (aD* + ci) - W2 - Lr2  (5.4)
121
where,
N 1: population in the CBD
N2: population in the subcenter
121: number of inter-center contacts for the suburban firm
Ci: unit cost of intra-center physical contact at the CBD
a: inter-center contact cost per unit of distance
W2: wage at the subcenter
r2: office land rent at the subcenter
D*: distance between first suburban firm's optimal location and the CBD
The first term in Eq. (5.4) is the information value that the firm produces by making
inter-center contacts with the existing CBD firms. The second term is the total contact
cost associated with inter-center contacts. The third and fourth terms are wages and land
rents that the office firm pays in the suburb respectively. In this case, the production of
the suburban firm relies totally on its inter-center contacts with the CBD firms.
Applying the envelope theorem to Eq. (5.4), we have the relationships between the
profit level of a suburban firm and the SBD population N2 as follows
dH21  V(12*, N1 + N2 ) 1 >L)qT<0
dN 2  (Ni+ N2) 2
d201i a 2V(I 1 ,N1 + N2 )(2 -+ 2)< 0 (5.5)dN22 8(N 1 + N2)2
In Eq.(5.5) the first term is the marginal value of information from adding one more
firm in the city. The value increases with N2 because the growth of the city accompanies
firm specialization and product differentiation, which will improve the overall quality of
information. Since there is no intra-center contact, the marginal value of information to the
firms from the inter-center contacts will be the same no matter whether they concentrate
or scatter over space. Whereas land rents and wages will go up if firms cluster, and will
stay the same (in the absence of land constraint) if they scatter at the city fringe locations.
Hence, the net profit level of suburban firms will be lower if they cluster than that if they
spread at the city edge locations, we have
i(2, D*) <U (1, Dj) (5.6)
where D = DI, but the suburban firm can be at a different location from the first
suburban firm on the city fringe. This suggests that if there is no local contact, i.e., without
internal economies of scale among suburban firms, we will only observe firms scattering at
city edge locations even if the suburban firms can take advantage of external economies of
scale from the CBD.
Like in Case Al, as the metropolitan size increases, the profit level at the CBD will be
higher than it is under critical size. The profit level of suburban firms will also increase
as the quality of information improves in the metropolitan area. This will keep the profit
levels the same at both the CBD and the SBD. As a result, business decentralization will
take place, but spatial clustering will not occur.
5.2.3 Case A2: With Only Intra-Center Contacts
If the second suburban firm has production linkages with the first firm, it will make the
intra-center contacts and 122 > 0. However, if the unit cost of inter-center contact, or the
information decay factor a, is too high for it to achieve any profit gain, the suburban firm
will not make any inter-center contact with the CBD firms, and I21 = 0. This is true for
all other new suburban firms. In this case, suburban firms cannot take advantage of the
CBD firms to acquire a higher level information input and all contacts are made locally, so
the firm's total number of contacts is just equal to its number of intra-center contacts (I22).
Hence, the suburban firm's production is dependent only upon the intra-center contacts or
local production linkages in the suburbs. The suburban firms' profit function is
max T I 2 = V[122 , N1 + N 2 ] - 122c2 - - Lr 2  (5.7)
122
where,
N1 : population at the CBD
N2: population in the subcenter
122: number of intra-center contacts for the suburban firm
c2: unit intra-center physical contact cost at the subcenter
a: inter-center contact cost per unit of distance
W2: wage at the subcenter
r2: office land rent at the subcenter
The first term in Eq. (5.7) is the value of information from local contacts with other
suburban firms. The second term is the intra-center contact cost. The third and fourth
terms are wages and land rents that the office firm pays in the suburbs.
At the initial stage of suburban development, there are only a few firms in the suburbs;
thus the number of intra-center contacts is constrained by the total number of firms that
cluster together. The suburban firm is unable to obtain information inputs to its optimal
level. If best match-up firms locate together, then a firm will make contacts with all other
local firms, and the number of intra-center contacts will equal the number of firms at the
subcenter (N 2). The constraint will be relaxed when the number of firms at the subcenter
is equal to or greater than the firm's optimal number of intra-center contacts. The optimal
number of contacts can be obtained through the first order condition of Eq. (5.7) with
respect to 122, i.e.,
oUf 2 _ V[I22,N1 +±N2]
2122 [122 - C2 = 0 (5.8)
aI22 49122
The optimal number of contacts is
12*2 = I[c2, N1 + N2] (5.9)
Combining the constrained and unconstrained conditions, the business contact level of
the suburban firms are
N2  if N2 <IT 2  (5.10)
SI[c2, N1 + N 2] if N 2 > 122
To see how the initial profit level of the firm changes with the subcenter size, we sub-
sititute 122 = N2 into Eq. (5.7), and derive the first and the second order conditions with
respect to N2 . Using the envelope theorem, we have
dUA2 0V(N2,N1 +N 2) aV(N2,N1 +N 2 ) 12 -Nc+ 2  2+ -( -(+L)qT- >0
dN2  ON 2  c(N 1 +N 2 ) 2
d2__2 V 2 [N 2,N1 + N2] 02V[N 2 ,N1+ N2]dN - + 8(N1 + N2 )2 < 0 (5.11)
In Eq.(5.11), the first term in the first order condition is the marginal benefit from ad-
ditional intra-center contact, which is positive because additional information input should
always create value in a firm's production. The second term is the marginal cost of intra-
center contacts. The third term is the marginal value of information from adding one more
firm in the metropolitan area, and should be positive because the quality of information is
higher when firms become more specialized in a larger city. The fourth term is the marginal
land rent and wage at the subcenter if suburban firms locate together.
The sum of the first two terms is the marginal business profit from additional local
contact. If suburban firms can obtain optimal level of business contacts, i.e., there is no
constraint, then the marginal business profit should be zero, indicating that firms achieve
their maximum business profit. However, because of the existence of the constraint on the
number of local contacts, the marginal business profit is not zero.
The sum of the third and fourth terms should be negative. The reason is that the initial
number of contacts at the SBD, N2, is smaller than the optimal number of contacts at
the CBD, I*. Since the cross-partial condition '92N > 0 holds (see Eq. (3.12)), and the
marginal profit of the CBD firm is negative after the critical CBD size (see Eq.(3.18)), the
sum of the third and fourth terms must be negative.
For the net profit of the suburban firm to rise with N2, the marginal business profit
from additional contact must be positive and large enough to overcome rising rents and
wages from clustering. In other words, firm specialization and product differentiation is
necessary but not sufficient to guarantee the rise of suburban firms' net profit when firms
locate together in the suburbs. The production linkages among suburban firms must be
very strong for them to achieve a high enough business profit and to cluster into the SBD.
If new firms do not cluster into the SBD, will they continue to move to the suburbs
after the first firm decides to locate in the suburbs? This depends on whether new firms are
able to achieve at least the same level of profit as the first suburban firm under the critical
size of the CBD. If suburban firms do not contact each other, the second firm will only rely
on its internal production, its profit will equal the profit of the first suburban firm when
it locates at another city fringe location. If the second firm needs to make contact with
the first suburban firm, its unit contact cost will be higher than c2 if it locates at another
city fringe location instead of next to the first one. However, both firms' land rents and
wages (they will only pay farm land rents) can be lower than that if they cluster. Given
the marginal value of information from business contacts and firm specialization (the first
and third terms in the first order condition of Eq. (5.11)), there is a trade-off between the
increase in contact cost and the savings in land rents and wages. If the marginal cost of
business contacts from isolation is larger (smaller) than the marginal land rent and wage
from clustering, firms would locate together (spread out). In either case of concentration or
dispersion, however, the inter-firm contacts are able to bring higher business profits than the
firm's internal production. Therefore, firms that move to the suburbs will achieve an equal
or higher net profit level than the CBD firms. New office firms will follow to decentralize
after the first firm locates in the suburbs.
In general, therefore, whether the office firms will cluster and the SBD will grow depends
on the marginal value of information which is determined by the level of production linkages
among suburban firms, and the degree of firm specialization and product differentiation in
the metropolitan area (N). Spatial concentration of office firms also depends on the unit
cost of contact (c), the unit cost of transportation (r), residential density (q) and business
density (L). Specialization is necessary but not sufficient for spatial clustering of office
firms.
The negative second order condition indicates that the net profit function of an office
firm is concave with respect to subcenter size. Analogous to the profit level in a monocentric
city, the suburban firm's net profit level will first rise then decrease with the subcenter size.
5.2.4 Case B2: With Both Intra-Center and Inter-Center Contacts
If the second suburban firm has a strong production relationship with the first one and
the unit cost of inter-center contact (a) is small, then the second suburban firm will make
both intra-center contacts with the existing suburban firm(s) and inter-center contacts with
the CBD firms. This will be true for other new suburban firms that have close production
relations with each other. Each suburban firm needs to decide the number of inter-center
and intra-center contacts to maximize its total profit. Since the information quality is
determined by the total population in the metropolitan area, a suburban firm could have
a higher quality of information input than the CBD firms. The suburban office firm's
objective function is
max IfB2 = V[121 +122, N1 + N 2 ] - I21(oD* + Ci - 122C2 - W2 - Lr 2  (5.12)
121,122 2
where,
N1 : population at the CBD
N2: population at the subcenter
121: number of inter-center contacts for the suburban firm
122: number of intra-center contacts for the suburban firm
Ci: unit intra-center physical contact cost at the CBD
C2 : unit intra-center physical contact cost at the subcenter
a: inter-center contact cost per unit of distance
W2: wage at the subcenter
r2: office land rent at the subcenter
DT: distance between the first suburban firm's optimal location and the CBD
The first term in Eq. (5.12) is the value of information from both intra-center and
inter-center contacts. The second and third terms are costs associated with inter-center
and intra-center contacts respectively. The fourth and fifth terms are wages and land rents
that the office firm pays in the suburbs . In this case, the suburban firm takes advantage
of both local production linkages in the suburbs and external economies of scale from the
CBD.
The suburban firm prefers intra-center contacts to inter-center contacts because the
former cost less than the latter. During the initial growth period of the subcenter, however,
there are not enough firms locally, the SBD firms would like to go back to the CBD to
obtain information inputs that are necessary for their production. In other words, the initial
number of intra-center contacts is constrained by the number of firms at the subcenter. If
best-matched firms locate together, they will always exhaust local contacts first before they
reach out to make inter-center contacts; hence 122 = N2 . The profit function of Eq.(5.12)
can be rewritten as
maxIf 2  V[121 +N 2 ,Ni +N 2] -I 2 (aDi +ci) -N 2 c2 -w 2 -Lr 2  (5.13)
121
The first order condition of Eq.(5.12) with respect to 121 is
aIB2 
_ aV[I 21 + N2, N1 + N2]2- (aD* + ci) = 0 (5.14)
0I21 a(I 21 + N2 )
Solving Eq.(5.14) for 121, we have the firm's optimal number of inter-center contacts
*1 = I[aD* + ci, Ni + N 2] - N2 ; (5.15)
As the subcenter grows, i.e., N2 increases, more and more information inputs can be
obtained locally, and suburban firms will gradually replace inter-center contacts with intra-
center contacts. Hence, the number of inter-center contacts decreases as N2 increases. This
substitution process continues until the SBD achieves self-sufficiency, at which point the
suburban firms will stop making inter-center contacts, and all the firm's contacts will be
local within the subcenter.
As more firms cluster in the SBD, better matched information will be available through
product differentiation and firm specialization and the SBD firm will be able to find more
quantity and higher quality of information inputs from its neighboring firms, rather than
from the CBD firms. However, only when the number of local contacts (N 2) is greater than
the optimal number of intra-center contacts (I22) obtained from Eq. (5.9), the constraint on
the number of local contacts at the subcenter can be relaxed. At this point, suburban firms
are able to obtain information inputs to their optimal level through intra-center contacts.
We call this subcenter size the unconstrained SBD size. The solutions to the number of
inter-center and intra-center contacts for the SBD firms are as follows
121 = I[aD* + ci, Ni + N2] - N2  if N2 < 121
0 if N2 > '1
N2 if N2  I2 (5.16)I22{(.6
I[c2 , NI + N2] if N2 > 12
To see how the profit level of the suburban firm changes with the size of the SBD, using
the envelope theorem, we obtain the first and second order conditions with respect to N2
dII?2  aV [i 1 + N2, N1 + N2] C + V[I 1 + N2,N 1 -+ N2] _(1 +L)q> < 0
dN 2  (I 1 + N2 ) ( N 1 + N2 ) 2
d2__2 a2 V [121 + N2 ,N1 + N2 | 0 2V [_I1 + N2 , N1 + N2
a O( 1 +N 2 )2  + &(N1 + N2 )2  < 0 (5.17)d N22 I1+N228(N+N22
In Eq.(5.17), the first term of the first order condition is the marginal value of informa-
tion from the replacement of intra-center contact for inter-center contact, which is positive
because the firm can obtain higher quality of information inputs from the clustering firms
at the SBD. The second term is the intra-center contact cost. The sum of the first and the
second terms is the business profit resulting from the substitution of intra-center contacts
for inter-center contacts. The third term is the marginal value of information from adding
one firm in the city. This is also positive because adding one more firm in the metropolitan
area improves the overall quality of information. Therefore, the increase in the value of
information in this case comes from two factors: one is the improvement of overall informa-
tion quality, the other is the substitution of intra-center contacts for inter-center contacts.
If the total increase of information value is larger than the increase in land rents and wages,
the net profit will rise as firms cluster, and the SBD will grow.
The sum of the third and the fourth terms is negative, however. This is because the
marginal profit of a CBD firm is negative after the CBD reaches its critical size (see
Eq.(3.18)). Since the initial number of contacts at the SBD is smaller than the opti-
mal number of contacts at the CBD, i.e., Ii + N2 < Ii*, and the cross partial condition
&ON > 0 holds (see Eq. (3.12)), the sum of the third and fourth terms must be negative.
This suggests that the marginal business profit from the substitution of intra-center con-
tacts for inter-center contacts must be larger than the marginal contact cost plus the rising
rents and wages from clustering in order for the net profit of the suburban firm to rise in
N2. This indicates that firm specialization and product differentiation is necessary but not
sufficient to guarantee the rise of firms' net profit when they locate together in the suburbs.
The inter-firm linkages must be very strong locally for the firms to cluster into the SBD.
What will happen if the second suburban firm locates at another city fringe location
instead of next to the first firm? If they do not contact each other, the second firm will
make all its contacts with the CBD firms. The net profit of the second firm will be at
least the same as that of the first suburban firm under the critical size of the CBD. If the
suburban firms contact each other but do not locate together, their unit contact cost will
be higher than that within subcenter (c2), but land rents and wages will be lower than if
they cluster. Given the marginal value of information from additional business contact and
from firm specialization (the first and third terms in the first order condition of Eq.(5.17
respectively), there also exists a trade-off between the increase in contact costs and the
savings in land rents and wages. If the marginal cost of inter-firm contact from isolation
is larger (smaller) than the marginal land rent and wage from clustering, firms will locate
together (spread out). However, no matter whether suburban firms cluster or not, business
contacts in the suburbs should bring a higher level of business profit to firms than inter-
center contacts. This suggests that firms moving to the suburbs will have at least the same
net profit level as the CBD firms. As a result, new firms will follow the first firm to move
to the suburbs, and a massive decentralization will take place.
Like in Case A2, whether or not new office firms cluster in the suburbs depends on the
level of production linkages among the suburban firms, i.e., the internal economies of scale
within the cluster, and the degree of firm specialization and product differentiation in the
metropolitan area (N). Clustering also depends on the unit costs of contact (c), the unit
cost of transportation cost (r), as well as residential (q) and business density (L). Firm
specialization is a necessary condition for spatial clustering, but not a sufficient one. Only
if the production linkages among clustering firms are strong, and can produce high enough
information value to overcome contact costs, land rents and wages, the growth of the SBD
is possible.
The negative second order condition indicates that the firm's net profit function is
concave with respect to subcenter size. Analogous to the case of monocentric city growth,
the firm's net profit level will first rise, then decrease as the subcenter grows.
Case Al and Case B1 indicate that business decentralization will take place after the first
office firm moves to the suburbs. However, if suburban firms do not have production linkages
and do not make contacts with each other, business decentralization will occur without
spatial clustering, no matter whether or not there exist inter-center business contacts, or
whether or not there exist external economies of scale from CBD.
Case A2 and Case B2 suggest that the existence of internal-economies of scale, firm
specialization, and product differentiation among the local suburban firms cannot guarantee
the spatial clustering of office firms. Only under the condition that inter-firm production
linkages are strong enough to create high information values to overcome contact costs,
rising land rents, and wages from clustering, the spatial concentration of office firms and
the growth of the SBD will become possible. The spatial clustering of office firms also
depends on the relative magnitude of the unit contact cost, land rents, and wages.
5.3 The Initial Growth Paths of the SBD
Suppose that the production linkages among suburban firms are strong enough that the
value of information to the firm can override the cost of contact, land rents and wages,
then the SBD will grow. We can show the firms' profit level and trace the growth path of
the SBD by looking at Case A2 (with only intra-center contact) and Case B2 (with both
intra-center and inter-center contact).
Comparing the two profit functions of the SBD firms in Eq.(5.7) and Eq.(5.12), we
know that the initial profit level is higher with inter-center contact than without inter-
center contact. The difference between the initial profit levels in the two scenarios is
II 2 [I2 1 ,Ni + 1] - 1'[0, Ni + 1] = V[I2*1 , Ni + 1] - 12*1(o'D* + ci) - V[o, Ni + 1] > 0
(5.18)
The higher starting profit level in Case B2 suggests that the initial suburban firm will
continue making inter-center contacts as long as it can profit from it. Thus the growth
path of the SBD will always start with Case B2. With the development of information
technology and the improvement of the transportation system, the unit cost of inter-center
contact is reduced tremendously, and thus inter-center business contact becomes possible.
This lends support to the theory that the development of information technology speeds up
the employment suburbanization of the office industry.
Comparing the first order conditions in Eq.(5.11) and Eq.(5.17), we find that the firm's
profit increases faster in Case A2 than in Case B2 after the first firm moves to the suburb.
The reasons are two fold. First, because the information value function is convex, and the
initial contact level is lower in Case A2 than in Case B2, the marginal business profit (the
sum of the first two terms in each equation) from additional contact (when N 2 increases by
one) must be larger in Case A2 than in Case B2. Second, the marginal value of information
from the improvement of information quality as the city size increases, is positive in both
cases (shown as the third term in each equation), but will be greater in Case A2 than in
Case B2. The reason is that we expect that the marginal increase in the value of information
will be larger when the contact level is lower than when the contact level is higher. Since
the marginal rent and wage are the same in both cases, the total marginal profit from the
increase in N2 will be greater in Case A2 than in Case B2 at the initial development stage
of the SBD.
However, the profit level of the SBD firms in both Case A2 and Case B2 changes faster
than that of the CBD firms after the CBD reaches its critical size. This is because all
the CBD firms have obtained their optimal number of contacts and their profit level only
increases with the higher information quality resulting from a larger city size. Yet the rise
in the profit level of the initial SBD firms comes not only from the improvement of the
information quality that results from the larger city size, but also from the increase in the
number of local contacts (Case A2), more specifically, from the substitution of intra-center
contacts for inter-center contacts (Case B2). This can be seen from the comparison of the
first order conditions of the firm's profit with respect to center sizes in Eq.(5.11), Eq.(5.17)
and Eq.(5.19). Because of the higher marginal profit in the suburbs, newborn firms will
cluster into subcenter(s) rather than locate at the CBD. Thus the CBD will be in a steady
state, while the SBD(s) will grow.
d11 9V (I,*, N+ N 2 ) 1 L < 0 (5.19)dN1  (N1+ N2 ) 2
Figure 5-1 shows the office firm's profit level along the growth paths of the city. The
initial profit of the CBD firm ( 1i(0, 1)) is positive, indicating that the first firm in the city
makes profit only from its internal production. The profit level of the CBD firm rises with
the city size Ni until the CBD reaches its optimal size at Ni , then falls with the city size
until the CBD reaches its critical size. When the unit contact cost (a) is high, the critical
CBD size is Nl*; whereas when the unit inter-center contact cost (a) is small, the critical
CBD size is N**. The critical CBD size becomes smaller, or office firms decentralize sooner,
as the unit physical contact cost falls.
Figure 5-1: Office Firm Profit Along the City Growth Path
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The figure shows that the initial profit of the first suburban firm, U2 (, Ni +1), is lower
in Case A2 when the CBD's critical size is larger, than the initial profit of the first suburban
firm, Uf 2(Iji, Ni + 1), in Case B2 when the CBD's critical size is smaller. This suggests
that the growth path of the SBD will follow Case B2 initially, as long as the inter-center
contact cost is small enough for the office firm to gain profit from it.
However, the rate of the increase in firms' profit level with respect to the subcenter
size (N2) is smaller in Case B2 than in Case A2. Since the initial profit level of the SBD
firm is higher in Case B2 than in Case A2, the two profit lines will meet as the subcenter
grows. There are two crossing points. One is at the self-sufficient size of the SBD (n)
when the suburban firms stop substituting intra-center contacts for inter-center contacts (in
Case B2). In other words, they can obtain all their inputs locally. The number of contacts
for a suburban office firm is
N2 = 121; 121 = 0. (5.20)
At this time, the firm's profit path in Case B2 will converge to that in Case A2, and
the number of firm contacts equals the subcenter size. The number of local contacts is still
constrained after the SBD reaches N , however, because the suburban firms cannot achieve
their optimal number of contacts locally i.e., when N2 < 1i2-
When the SBD size gets larger and the SBD firms are able to obtain the optimal number
of contacts within the subcenter, the constraint on the number of intra-center contacts at
the SBD will be relaxed. This unconstrained SBD size is shown as Nt= I*2 ( I22 is the
optimal number of contacts for suburban firms at the time) in Figure 5-1 where the two
profit lines meet the second time.
After the SBD becomes unconstrained, the firm's profit function becomes
max H 2 = V[122 , Ni + N 2] - 122 c 2 - W2 - Lr 2  (5.21)
122
This profit function is exactly the same as that of the CBD firms. The first order
condition of Eq.(5.21) with respect to 122 is
B1 2 _ OV[122 , Ni + N2] c 0
!- TC2 =0(5.22)0122 U122
Solving Eq. (5.22) for the SBD firm's optimal number of contacts, we get
122 = I[c2 , N1 + N2]; 121 = 0 (5.23)
The first and second order conditions with respect to the subcenter population N2 are
obtained by using the envelope theorem
d11 2  a V(1 2 , N1 + N2) 1
dN 2  0(N1 +N 2 ) 2
d2 UH2 _8 2 V [12 , N1 + N2 ]
dN22 - (N 1 + N2 )2
Notice the first order condition in Eq.(5.24) should be negative because it is the same
as that of the CBD firm after the CBD reaches its critical size. After the SBD becomes
unconstrained, i.e., N2 > Nit, the profit level of the suburban firms will follow the path
112(122, N1 + N2). The SBD will continue to grow until its critical size is reached and other
new subcenters are formed. In general, the SBD firm's profit follows the envelop line in
Figure 5-1, which is the maximum profit path at all times.
This growth path of the SBD assumes that the CBD firms do not relocate after the
SBD starts to grow. This assumption may not hold since the higher profit level at the SBD
will attract existing firms to move to the suburbs as long as they can make more profit. To
address this issue, we will consider the relocation of the CBD firms in the next chapter.
5.4 Conclusion
This chapter examines the conditions for office firm decentralization, clustering and the
growth of the SBD. The model shows that if there are no production linkages among sub-
urban firms, business decentralization occurs without spatial clustering, whether or not
suburban firms take advantage of external economies of scale from the CBD firms through
inter-center contacts. This is because the value of information to the firms is the same no
matter whether they cluster or spread in the suburbs, whereas land rents increase if they
concentrate, but stay the same if they disperse over space. In this case, it is the internal
production that makes the suburban firms as profitable as the CBD firms. If there exist
production linkages among suburban firms, decentralization will take place after the first
firm moves to the suburbs, but spatial clustering happens only under the condition that
inter-firm production linkages are strong, i.e., there are strong internal economies of scale
among suburban firms in the cluster. Firm specialization and product differentiation are
necessary but not sufficient conditions for spatial clustering. This result is true no matter
whether the SBD is formed with or without inter-center contacts initially. Depending on
the relative magnitude of the unit contact cost and the marginal cost of rents and wages,
firms may cluster or spread out in the suburbs. If the increase in the marginal contact cost
from isolation is smaller than the increase in marginal land rents and wages from clustering,
firms will spread out rather than concentrate, and vice versa.
Firms that have close production relations will concentrate at one city edge location,
whereas firms that do not have production relations never locate in the same SBD. This
suggests that different types of office firms may form different types of subcenters at different
city edge locations. As a result, we should observe several subcenters grow simultaneously
at the city edge - the edge towns. Theoretically, these fringe locations of subcenters will
result in a "natural" circumferential development of business districts even without the
existence of a circumferential highway. The distance from the CBD to each edge town is
equal to the distance between the CBD and the critical city fringe (the fringe when the
CBD reaches its critical size).
Without relocation of the CBD firms, the SBD has two possible growth paths: with only
intra-center contacts and with both intra-center and inter-center contacts. The growth path
with only intra-center contacts is associated with a larger critical size of the CBD, lower
levels of information input and profit at the SBD than that with both intra-center and
inter-center contacts. Thus the initial growth path of the SBD will start with both intra-
center and inter-center contacts whenever possible. The suburban firm's profit will increase
faster with only intra-center contacts than with both intra-center and inter-center contacts,
so the two profit paths will cross each other as the SBD grows. The first intersection is
where the SBD has reached its self-sufficient size, at which point the suburban firms stop
substituting intra-center contacts for inter-center contacts. At this time the two profit
paths will converge. However, the SBD is still under constraint because the number of local
contacts (N 2) at self-sufficiency is smaller than the optimal number of contacts. The SBD
will become unconstrained when its firms can obtain all their optimal number of contacts
locally. Thereafter, the SBD firms will have exactly the same profit function as the CBD
firms. The suburban firms' profit will decrease as the SBD grows and this process continues
until the critical size of the SBD is reached and firms start to further decentralize.
Chapter 6
Land Use Reconfiguration in a
Polycentric City
The growth of a SBD, as we studied in the previous chapters, entails increasing net profits
for all clustering firms at the SBD. The higher profit level at the SBD will attract the
existing CBD firms to relocate their business to the suburban centers. However, whether
the relocation will take place depends on the difference between profits of a CBD firm
before and after its relocation. This is because the relocation will change the business
contact patterns of the firm with the existing firms at the CBD and the SBD. Before we
get into the discussion on the changing pattern of business contact, we first examine the
changing cost of land rents immediately after the growth of the SBD(s). In the following,
we focus on the land use pattern of a linear city because the land use pattern of a circular
city can easily be explained by the same logic.
6.1 Short-run Land Rent in a Polycentric City
6.1.1 Single SBD Formation
In a linear city, if only one SBD is formed, then only one side of the city edge is devel-
oped. There is no land use constraint for the residential development of the CBD after the
formation of the subcenter. (see Figure 6-1)
As more firms come to the subcenter, the SBD will expand outward. The land rent at
the central SBD will rise as the marginal commuting distance increases. This will create
Figure 6-1: Short-run Land Rent Gradient with Durable Capital and Single SBD Develop-
ment
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a pressure on the CBD's residential land rents at the neighboring locations of the SBD.
As a result, the CBD residents who live near the SBD will relocate to the other side of
the CBD fringe in order to avoid the rising land rents. With no cross commuting, the
CBD residential land that is closer to the SBD will be taken over by the SBD residents.
When more CBD households move to the other side of the city fringe, the worker's marginal
commuting distance increases at the CBD, which will bid up the central residential land
rents and the office land rents for the CBD firms. Thus
r= Ra + Di
r2 = Ra + D 2 r (6.1)
where Di is the distance between the CBD boundary and the CBD's outer fringe location,
D 2 is the distance between the SBD boundary and the SBD's outer fringe. On the linked
side of the two centers, the relative commuting savings (to each business center) result
in a trough at the linking boundary of the CBD and SBD. In this case, it is the longer
commuting distance of the marginal worker of the CBD that bids up the central land rent
(D1 > D*) for both the residents and the office firms of the CBD.
Figure 6-2: Short-run Land Rent Gradient with Durable Capital and Dual SBD Develop-
ment
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6.1.2 Dual SBD Formation
In a linear city, if dual SBDs are formed at the same time, then both sides of the CBD
fringe locations are occupied by the suburban firms; land development constraints will exist
for the CBD residents after the formation of the SBDs. (see Figure 6-2)
Unlike in the scenario of a single SBD development, the CBD residents cannot move
to other locations when dual SBDs are formed on each side of the CBD fringe, and thus
the SBDs cannot expand inwards to the linked side with the CBD. Expanding outward will
cause the marginal commuting distance of the SBD workers to rise, thus bidding up both
residential and office land rents at the SBDs. In a competitive land market, the residential
land rent of the CBD at the location adjacent to the SBD will rise, thus bidding up all the
residential and office land rents at the CBD. If workers do not cross-commute to their work
places, the short-run residential land rent gradient exhibits a straight declining pattern from
the CBD to the outer fringe of the SBD. In this case, it is the land development constraint
that raises the central land rents for residents and offices.
6.2 The Relocation of CBD Firms
In both cases of the single and the dual SBD formation, the growth of the SBD bids up
the central office land rents for the existing CBD firms, thus further raising the production
costs for all the CBD firms. Will the CBD firms be able to pay higher land rents and still
keep their business in the downtown? To see this, we need to study again the production
technology of the CBD firms.
6.2.1 When the SBD is Formed without Inter-Center Contacts
In the case that the SBD formation does not involve inter-center contacts, the CBD firms
will not make any inter-center contact because of the higher cost of obtaining input from
other centers than from local firms. After the formation of the SBD, the profit function of
the CBD firm becomes
max Hi = V[I1 , Ni + N2] - cilI - wi - Lri (6.2)
Ii
As the CBD is self-sufficient at the time, the firm can obtain its input from other
firms within the CBD. The quality of information for the CBD firm will improve when the
metropolitan size increases. Thus the information value will rise, though the size of the
CBD does not change. The increase in the CBD office land rents, however, will reduce the
profit for all the CBD firms. Thus the net profit level at the CBD is indeterminate while the
SBD is growing. The change in the net profit could be seen from the first order condition
of Eq.(6.2) with respect to N2
BH 1  BV[Ii, Ni + N 2 ] Bri >
-- < 0 (6.3)ON 2  (N1 + N2 ) ON2
If a CBD firm can find better matched information inputs at the SBD, it will relocate
its business to the SBD, as long as the profit differential between its location at the CBD
and at the SBD is larger than its relocation cost. Defining M as the firm's relocation cost,
the sufficient condition for a CBD firm to relocate is
II2 (I2*, N1 + N2 ) - 1i(I*, Ni + N2 ) > M (6.4)
6.2.2 When the SBD is Formed with Inter-Center Contacts
When the SBD grows, if a CBD firm finds better matched information inputs in the sub-
center, it will need to make inter-center contacts with the firms at the SBD. The net profit
of the CBD firm may fall because its unit cost of contact is higher. The firm will relocate
to the SBD or stay in the CBD, i.e., will be in the center whichever contains the most of its
best matched firms. The reason is obvious: the firm's profit will increase from the savings
in inter-center contact cost. If a CBD firm that has to make inter-center contacts with all
the SBD firms, then its profit function becomes
max Hi = V[I11 + N2 ,Ni + N 2] - c1I11 - (c2 + aD*)N2 - wi - Lr1  (6.5)I11,N2
where In is defined as the number of intra-center contacts within the CBD, and N2 is
the number of inter-center contacts from the CBD to the SBD. Using the envelope theorem,
we get the first order condition of Eq.(6.5):
di B9V[I*1 + N2  , + N2] OV[I*l + N2, N+ N2] Or1 >
dN2 _(I*1 + N2 +N2] - *) +(DN1 + N2 ) LN 2
(6.6)
The first term in Eq.(6.6) is the marginal value of information from one more contact
with the SBD firms as N2 increases. The second term is the cost of making inter-center
contacts. The sum of the two terms gives the marginal change in the business profit of
the firm. The third term is the marginal value of information from the improvement of
information quality as metropolitan size increases. The fourth term is the marginal increase
in office land rents at the CBD. If the change in the business profit from both the marginal
contact and the improvement of information quality is greater than the increase in office
land rents, the CBD firm will be better-off; if the change in the business profit is smaller
than the increase in office land rents, the CBD firm will be worse-off. Hence, the CBD
firm's profit level is indeterminate as the SBD grows.
However, a CBD firm will relocate to the suburbs if its profit differential between locating
at the SBD and staying at the CBD is greater than its relocation cost. We have
II2 (12*1 + N2, Ni + N2) - 111(1*1 + N2, Ni + N2) >M (
If the CBD firm finds more and better matched information in the suburbs, it will be
able to have a higher value of information contact at the SBD. In addition, because of the
savings in land rents and wages in the suburbs, it is possible for the CBD firm to achieve
a higher profit level by relocating to the SBD. Other firms that have close relations with
the relocating firm will follow it, and the internal economies of scale will emerge when they
re-cluster in the suburbs. As a result, we should observe the decline of the CBD and the
growth of the SBD, ceteris paribus.
If the relocation cost is very low, we should observe a rather abrupt business sorting and
relocation process in the metropolitan area. If the relocation cost is high, the relocation
could take a longer period of time. Eventually, the inter-center contacts will cease and all
the firm's contacts will be conducted locally. In the long run, the city will consist of several
centers containing the best-matched office firms which have an equal profit level. These
centers will grow until a new set of critical sizes are reached and new subcenters are formed.
6.3 Long-Run Land Use Pattern in a Polycentric City
The growth of the SBD attracts the existing CBD firms to relocate to the suburbs. Then
what will happen to the land use pattern in the metropolitan area? We introduce two
assumptions of the durability of capital structure to facilitate this discussion. The first
assumes that the capital is non-durable and the relocation of capital is costless. The second
assumes that the capital is durable and the moving cost is extremely high. Separating these
two scenarios, we are able to analyze both the static and some of the dynamic features of
the changing land use patterns for polycentric cities.
6.3.1 Land Rent Gradient with Non-Durable Capital
If the capital structure is not durable, firms can move costlessly, which makes it much easier
for the CBD firms to relocate immediately after the SBD(s) starts to grow. This relocation
process could be abrupt in the sense that the existing CBD firms will promptly move to
the SBD, as soon as the second newborn firm locates at the SBD.
6.7)
If some of the CBD firms relocate to the suburban center, the original developed resi-
dential land at the CBD that is closer to the SBD will be taken over by the SBD residents.
This causes the shrinkage of the CBD residential boundary, no matter whether it is a single
or a dual SBD formation. Because of the decrease in the marginal commuting distance for
the CBD workers and the increase in the marginal commuting distance for the SBD work-
ers, there will be a sudden drop in the residential land rents at the central CBD, and an
immediate rise in the residential land rents at the central SBD(s). It takes no time to reach
an equal land rent level at the central residential locations of the CBD and the SBD(s), and
the workers will commute to their closest center to work. Again in the linear city context,
with no cross-commuting, the CBD and SBD will attract new residents on either side of
their business districts, until their residential areas join together. Thereafter, all centers
will grow until their critical sizes are reached and a new set of subcenters are formed at the
outer fringes of the city. (see Figure 6-3)
Figure 6-3: Equilibrium Land Use Pattern with Non-durable Capital Structure
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For all households, the following conditions must be held in equilibrium
U3 + U4 = Niq
U1+U2 = N 2 q
U5 +U6 = N 3 q
U2+U 3  = D
U4 + U = D
N1 + N2+N= N
W -- W 2 = T(U3 -- U2)
W - W 3  = r(U4 - U5) (6.8)
Solving the above equations for u1 , U2 , u3 , U4, U5 , u6 , and W2 and W3 , we have:
~1 D 1 DU1 - 2N-- qq; U2= N2 - -2N+- q; q(
U3- N .2 q . 2 N 4 N-N q= Nq
12 1 ~ 121
U5= N3 --- N+-D q; U6= [-N--D q;
2 q. .2 q .
D~ D~
W2 =W1 - IN- 2N2-- qg]-; W3 W1 - [N- 2N3-- q q. (6.9)
Notice that the equilibrium boundary conditions (when the critical sizes are reached at
all three centers) are symmetric and the residential land rent gradient exhibits a cycle peak-
trough-peak-trough pattern from the central CBD to the city fringe. In the case of dual
SBDs, the troughs appear at both sides of the CBD residential area, adjacent to the SBD's
inner residential area; and the peaks occur at the central CBD and the central SBDs. In
other words, the land rents first decline from the central CBD to its two adjoining residential
boundaries with the SBDs and then rise from the adjoining residential boundaries to the
central SBDs. The land rent gradient falls again from the central SBDs to their outer
boundaries at the city edge.
At equilibrium, all firms will make the same level of profit at all centers, but critical
sizes for each center may differ depending on the information productivity, unit cost of the
physical contacts, and the transportation system at each center. If these factors are the
same for all firms, the equal critical size will prevail at each center. If one center has a
higher level of information productivity, or a better information channel (which reduces
the physical contact cost), or a better transportation system, its critical size will be larger.
However, the critical sizes for all the subcenters in a multi-center city will be smaller than
that of a monocentric center, ceteris paribus. The reason is that the distance between the
CBD and the SBD is fixed when the subcenter is formed. This will cause the development
constraints at the linked side(s) of the residential locations for the two adjoining centers.
Therefore, the office land rents will increase faster than those in a monocentric center, so
the SBD(s) will reach the critical center size(s) sooner.
Though the critical sizes could differ at each center, the peak-trough pattern of land
rent gradient will not change. The peaks always appear at each business center, whereas
the troughs occur at each of the adjoining residential boundaries of the subcenters.
6.3.2 Land Rent Gradient with Durable Capital
If the capital structure is durable and the moving cost is high, a firm cannot easily relocate
once it chooses its business location. If the CBD firms do not relocate, its decreasing
profit level will make it unable to catch up with the rising "market" land rents. The
firm's relocation incentive will force the landlord to reduce its office rent at the CBD. If the
decreased office rents cannot cover the sunk cost of the building, a faster capital depreciation
may result. When the value of the structure falls below its replacement cost, the building
will be demolished. Hence the CBD will shrink gradually, and the firm relocation will take
place in the long run.
When there is no land development constraint at the city edge, the CBD residents that
live close to the SBD will move to the other side of the city edge in the short-run. Thus
the residential and office land rents at both the CBD and the SBD will rise. The relocation
of the CBD firms to the SBD will reduce the land rent gradient at the CBD and raise the
land rent gradient at the SBD. The peak-trough-peak land use pattern continues to prevail
in the city. (see Figure 6-4)
Figure 6-4: Long-run Equilibrium Land Use Pattern with Durable Capital and Single SBD
Development
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If there are land development constraints at the city edge locations, a straight declining
land rent gradient will emerge from the CBD center outward in the short run. Whereas if
Figure 6-5: Long-run Equilibrium Land Use Pattern with Durable Capital and Dual SBD
Development
Land rent under critical CBD r1  Equilibrium Land Rent at 
CBD
Equilibrium Land Rent at SBD
R~~~~~ (u '' i (u)
Ra '-'R ()'s 'Ra
ulI u2 u3 u4 , u5 u6 ,
D*i D*1
SBD CBD SBD
the CBD firms relocate to the suburbs over time, we should observe the decline of the CBD
and the growth of SBDs in the long run. Thus the land rents will fall at the CBD and rise
at the SBD(s). At the new equilibrium, we will observe the same peak-trough-peak pattern
for the land gradient, just like in the case with non-durable capital structure. (see Figure
6-5)
6.4 Conclusions
As a consequence of employment suburbanization, relocation of CBD firms, and spatial
clustering of office firms in the suburbs, the long-run urban land rent gradient exhibits
a peak-trough-peak pattern, with peaks appearing at the employment center, and troughs
occurring at the residential boundaries between subcenters, no matter whether development
constraints exists at the city fringes or not. With development constraints, however, the
short-run land use pattern could be different, and the rent gradient can fall steadily from the
CBD to the outside boundaries (not connected with the CBD) of the subcenter. Without
land development constraints, the short-run land rent gradient exhibits the same peak-
trough-peak pattern as that observed in the long-run.
Part II
Office Firm Spatial Clustering
Behavior: An Empirical Analysis
Chapter 7
The Degree of Spatial
Concentration of Office Industries
The theoretical analysis presented in earlier chapters demonstrates that within a metropoli-
tan area, office firms that are highly specialized and have close production relations with
each other will cluster into the same subcenter, whereas office firms that are less specialized
and have weak production relations with each other will not locate together. The reason is
that the clustering office firms take advantage of their information exchange, which helps
them to increase productivity and to compensate for the rising costs of land rents and
wages. As a result, there should be spatial concentrations of office firms in the metropolitan
area. However, how concentrated are the office industries? What are the degrees of spatial
concentration for different office industries? Which office industry tends to be more concen-
trated spatially than others? These questions are important in understanding the nature
of spatial clustering, and crucial in explaining the spatial distribution patterns of the office
industry firms.
In this chapter, I will use some indices to measure the spatial distribution of office
industries. Section 7.1 discusses the definition and measurement of the degree of office
industry spatial concentration. Section 7.2 reviews the data sources and the sample of
metropolitan areas taken for this study. Section 7.3 presents the empirical results of the
indices.
7.1 Indices for the Spatial Concentration of Office Indus-
tries
The concentration of economic activities has been studied in a variety of contexts in spatial
economics at the regional level. Different measures have been employed to represent the
degree of spatial concentration. However, at the metropolitan level, few studies have been
done concerning the measurement of the degree of industry spatial concentration. Two
major indices for the industrial concentration used in the regional context stand out and may
be used for the spatial concentration within the metropolitan area. One is the Herfindahl
and Hirschmann Index (HHI), a standard industrial concentration measure of the sum of
the squared shares (Adelman, 1969); the other is the location quotient (LQ), defined as the
ratio of the industry share in a subregion to the industry share in the region as a whole.
7.1.1 Herfindahl and Hirschmann Index
The Herfindahl and Hirschmann Index is defined as the sum of the squared percentages of
the market
* As)
HHI = ()2 (7.1)
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Where A, is the "market" in category s, A is the total "market", n is the number of
categories. Thus AS/A is the share of the market in category s. For the purpose of this study,
HHI is calculated for each of the office industries, and measures the degree of concentration
for a certain industry in the metropolitan area. The data for the "market" share can be
the industry's value added, or sales, or the square footage of leased space, or the number of
employees, or the number of firms, and so on. s denotes subcenter (or submarket), and n,
the total number of subcenters in a metropolitan area. Due to the availability of data, we
use number of workers and number of firms in the calculation for each industry. Therefore
A, is the number of employees or the number of firms of the industry locating in subcenter s,
and A is the total number of employees or the total number of firms of that industry in the
metropolitan area. The values of HHI range from 1/n if the industry's employment/firm
is equally distributed in the metropolitan area, to 1 if the industry's employment/firm
concentrates in one subcenter. The value of 1/n gives the benchmark value that serves as
a base of comparison for the degree of industrial concentration. The larger the HHI is, the
greater the spatial concentration of the industry will be. In other words, if the observed
HHI value is close to 1, it reveals that the industry concentrates in a very few subcenters.
If the observed HHI value is small and close to 1/n, it means that the industry scatters in
the metropolitan area more evenly.
The interpretation of the HHI value is more interesting if we take a close look at its
formula. Suppose industry i only concentrates in 1/a of the total number of subcenters in
the region, i.e., 1/a is the fraction of the total number of subcenters that contain industry
i. Then if we assume that the employment/firms are equally distributed among the n/a
subcenters, HHI can be rewritten as
HHI = n(f)2 = a (7.2)
a n n
Eq.(7.2) indicates that the value of HHI would be a times the benchmark value (1/n)
if the industry i only locates in n/a of the subcenters. For instance, the value of HHI will
be double the benchmark value if the industry employment is concentrated in half of the
total number of subcenters in the metropolitan area. The index value will be triple the
benchmark value, if the industry is concentrated in I of the total number of subcenters,
etc.
The fraction of subcenters (1/a) that may contain the industry is an important mea-
surement by itself. It takes into account the size of the metropolitan area (total number of
subcenters), and thus it can be used for the cross-metropolitan comparison of the degree of
spatial concentration for a certain industry. The larger the fraction is, the more spread out
the industry will be in a region, and vice versa. If we know the HHI value for industry i,
and the total number of subcenters n in the metropolitan area, the fraction can be easily
obtained from Eq. (7.2)
1 1 (7.3)
a n*HHI
It is interesting to notice, furthermore, that the inverse of HHI gives the "size cor-
rected" number of subcenters that contain the industry. Suppose among n subcenters in
the metropolitan area, m of them contain industry i; then the fraction of subcenters (m/n)
containing the industry is
m _1 _ 1 (4
- - (7.4)
n a n* HHI
Hence, the inverse of HHI is exactly the number of centers that contain the employment
of this industry.
1
I m (7.5)
We call it "size corrected" number of subcenters because the employment/firms are
assumed to be equally distributed among the subcenters in which the industry locates. The
larger the HHI is, the smaller the number of subcenters that contain industry i is, and the
higher the degree of dispersion of that industry's firms/employment is in the metropolitan
area.
The interpretation of the HHI can easily be explained with an example. If there are ten
subcenters in the metropolitan area, hence the benchmark value equals 0.1. If the calculated
HHI value for industry i is 0.2, which is about twice as large as the benchmark value, then we
can say that the industry will concentrate in about half (1/a = 1/(n * HHI) = 1/(10 * 0.2))
of the subcenters. The number of "size corrected" subcenters that contain industry i will
be equal to 5.
Therefore, the HHI can be used to describe the level of industrial concentration over
space and to make cross-industry comparisons on the degree of spatial concentration.
Next, we will introduce another spatial concentration index, location quotient, and
compare it with the HHI.
7.1.2 Location Quotient
Location quotient is defined as the ratio of the industry share in a submarket to the industry
share in the overall metropolitan area. The share can be calculated using the data of
employment, number of firms, or total floor areas of the industry, etc. The location quotient
for industry i in submarket s is:
E Eim
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Where Es is industry i's employment in subcenter s, and Em is industry i's employment
in the metropolitan area. If LQ ;> 1, we say that industry i is more concentrated in
subcenter s than its average in the metropolitan area, or subcenter s is more specialized
in industry i compared with other subcenters. If LQq < 1, we say that industry i is less
concentrated in subcenter s than its average in the metropolitan area, or subcenter s is
less specialized in industry i compared with other subcenters. The larger the LQ for one
specific industry, the higher the degree of concentration of that industry in the subcenter.
If we have the location quotient for each industry in a subcenter s, we are able to compare
the relative degree of industrial concentration and reveal which industry is more dominant
in this subcenter.
Using both indices, HHI and LQ, we have a better understanding of the degree of spatial
distribution of certain office industry firms over space. The HHI provides a measure of the
overall degree of spatial concentration for each of the industries in the metropolitan area;
whereas the LQ index offers a relative degree of spatial concentration for each industry in
each subcenter. However, because the location quotients are calculated both by industry
and by subcenter, it is hard to make cross-industry comparison for the overall degree of
spatial concentration. In this sense, HHI is more advantageous than LQ in representing
the spatial concentration or dispersion of office industries. Moreover, HHI is simpler to
compute, because it does not require a separate statistical estimation for each subcenter in
the sample. For the purpose of this study, we believe that HHI is a better measure for the
degree of industrial concentration.
7.2 Data
Four standard metropolitan statistical areas (SMSA), Atlanta, Boston, Chicago and Los
Angeles, have been selected for the purpose of this study on the concentration of office
industries. The basic criteria for choosing these specific SMSAs are the ages and sizes of
the city, and the extent of office employment decentralization and spatial clustering. The
Table 7.1: Office Industry Names and the Corresponding SIC Codes
Industry Name SIC
Banking 60,61
Security Investment 62, 65-69
Insurance carriers, agents, brokers and services 63, 64
Business Services 73
Legal Services 81
Engineering and Management Services 70-72, 74-80, 82-89
Source: CB Commercial/Torto Wheaton Research
data on office employment and tenants (firms) by industry in 1993 are obtained from CB
Commercial. The reason for not using government data is that most government data are
by county or by town in general, and there is not detailed information by submarket in the
metropolitan area. On the other hand, CB Commercial provides data by geographically
defined submarkets that contain certain clusters of office firms1 .
The data include six major office industries: Banking, Security Investment, Insurance,
Business Services, Legal, and Engineering and Management Services. Table 7.1 shows the
corresponding Standard Industrial Classification Codes (SICs) for each of these industries.
Each metropolitan area is divided into several submarkets which contain the geographically
concentrated office firms. The submarket boundaries are drawn based on the pattern of
office firm spatial clustering, but are to some extent arbitrary according to CB Commercial.
However, the data do reveal roughly the spatial concentration of these office industry firms.
Table 7.2 shows the data of employment and firms for each of the submarkets in the
four metropolitan areas in 1993. In Atlanta, there are twelve office submarkets: Perimeter
Center, I - 75/I - 285 NW, Century Center, Downtown, Midtown, Buckhead, 85/NE, Air-
port, Decatur, Residual North, Northlake, and Residual South. The size of the submarkets
'The submarket boundaries are drawn according to spatial cluster patterns of office firms; they do not fully
reflect the result of spatial competition for the use of land in the metropolitan area. Some of the business
districts that belong to different submarkets are geographically linked with each other, i.e., the business
district is not surrounded by residents, which is different from the subcenter defined in the theoretical
model. However, since the submarket data is the best we can obtain for firms within the metropolitan
area, we will use it to represent the clusters of office firms. Throughout this empirical analysis, the terms
submarket and subcenter are used interchangeably.
Table 7.2: Employment and Firm Data in 1993
Atlanta
submkt name # of employee # of firms avg. firm size % employee % firm
Perimeter Center 30,744 874 35 19.7% 19.7%
Midtown 23,594 441 54 15.1% 9.9%
Downtown 23,475 448 52 15.0% 10.1%
175/1285 NW 21,708 674 32 13.9% 15.2%
Buckhead 15,654 619 25 10.0% 13.9%
85/NE 14,280 547 26 9.2% 12.3%
Northlake 8,692 237 37 5.6% 5.3%
Century Center 7,841 309 25 5.0% 6.9%
Decatur 4,349 119 37 2.8% 2.7%
Residual North 2,896 58 50 1.9% 1.3%
Airport 2,327 97 24 1.5% 2.2%
Residual South 443 24 18 0.3% 0.5%
Boston
submkt name # of employee # of firms avg. firm size % employee % firm
Financial District 50,518 1,132 45 22.3% 19.4%
Cambridge 32,171 464 69 14.2% 8.0%
Mass Pike & 128 29,565 1,033 29 13.1% 17.7%
Back Bay 21,519 356 60 9.5% 6.1%
NW Suburban 18,568 643 29 8.2% 11.0%
South 128 & Rt 3 16,980 518 33 7.5% 8.9%
West Suburban 13,816 439 31 6.1% 7.5%
South Station 10,821 131 83 4.8% 2.2%
North Suburban 9,015 326 28 4.0% 5.6%
Government Center 7,957 185 43 3.5% 3.2%
South Suburban 4,298 139 31 1.9% 2.4%
Midtown 3,768 168 22 1.7% 2.9%
Fort Point Channel 2,659 64 42 1.2% 1.1%
North of Boston 2,619 129 20 1.2% 2.2%
North Station 1,983 107 19 0.9% 1.8%
Chicago
submkt name # of employee # of firms avg. firm size % employee % firm
Central Loop 98,582 2,012 49 25.0% 20.5%
Oak Brook 55,911 1,453 38 14.2% 14.8%
East Loop 53,026 1,256 42 13.5% 12.8%
West Loop 47,769 902 53 12.1% 9.2%
Schaumburg/Woodfield 33,568 927 36 8.5% 9.5%
N Michigan Ave 25,965 778 33 6.6% 7.9%
Chicago O'Hare 24,590 708 35 6.2% 7.2%
Lake County 15,022 260 58 3.8% 2.7%
North Shore South 13,429 318 42 3.4% 3.2%
North Shore 11,620 572 20 2.9% 5.8%
River North 7,883 352 22 2.0% 3.6%
South Suburbs 3,577 176 20 0.9% 1.8%
West Cook Co 3,126 84 37 0.8% 0.9%
continued...
Table 7.2 continued...
Los Angeles
submkt name
LA Downtown
Warner Ctr/W Vlly
Pasadena/Glendale
LAX/El Segundo
Sherman Oaks/Vn Nuys
Mid-Wilshire
Century City
Torrance/Carson
Hollywood
Burbank/N Hollywood
Long Beach
Santa Monica
Beverly Hills
Miracle Mile
Cerritos
El Monte/Baldwin Pk
Fox Hills
Beverly Hills Triangle
Brentwood Corridor
Covina/Pomona
Westwood
West Los Angeles
N San Fernando Vlly
Olympic Corridor
Park Mile
Thous Oaks/W'lake Vg
West Hollywood
Marina Del Rey
La Puente/Vlly Blvd
East LA
LA Suburban
Source: Torto Wheaton Research.
# of # of avg. firmemployee
82,243
50,500
39,209
19,877
19,793
19,054
15,992
15,947
12,929
12,538
11,295
10,615
10,348
10,323
7,523
7,279
7,277
7,198
6,864
6,410
5,572
5,492
4,714
3,718
3,594
3,065
2,083
1,946
1,599
1,319
1,241
firms
1,569
913
995
457
1,214
718
540
735
389
465
408
531
546
329
367
78
206
303
406
250
249
337
209
143
115
172
149
100
57
23
32
size
52
55
39
43
16
27
30
22
33
27
28
20
19
31
20
93
35
24
17
26
22
16
23
26
31
18
14
19
28
57
39
% employee
20.2%
12.4%
9.6%
4.9%
4.9%
4.7%
3.9%
3.9%
3.2%
3.1%
2.8%
2.6%
2.5%
2.5%
1.8%
1.8%
1.8%
1.8%
1.7%
1.6%
1.4%
1.3%
1.2%
0.9%
0.9%
0.8%
0.5%
0.5%
0.4%
0.3%
0.3%
% firm
12.1%
7.0%
7.7%
3.5%
9.3%
5.5%
4.2%
5.7%
3.0%
3.6%
3.1%
4.1%
4.2%
2.5%
2.8%
0.6%
1.6%
2.3%
3.1%
1.9%
1.9%
2.6%
1.6%
1.1%
0.9%
1.3%
1.1%
0.8%
0.4%
0.2%
0.2%
in 1993 range from 443 employees (in Residual South, 0.3% of total) to 30, 744 employees
(in Perimeter Center, 19.7% ). The average firm size is from 18 (in Residual South) to 54
(in Midtown) employees.
There are sixteen office submarkets in the Boston metropolitan area. Downtown Boston
is subdivided into seven districts (submarkets): North of Boston, Financial District, Gov-
ernment Center, North Station, Fort Point Channel, Midtown, South Station and Back
Bay. Other submarkets include West Suburban, South Suburban, NW Suburban, South
128&Rt3, Mass Pike &128, Cambridge. The submarket size ranges from 1, 983 employees
(in North Station, 0.9% of total) to 50,518 employees (in Financial District, 22.3% of total)
for the year of 1993. The average firm size ranges from 19 (in North Station) to 83 (in
South Station) employees.
In Chicago, thirteen office submarkets are defined. They are North Shore South,
North Shore, Oak Brook, West Cook Co, South Suburbs, Schaumburg/Woodfield, Chicago
O'Hare, Lake County, West Loop, Central Loop, East Loop, N. Michigan Ave, and River
North. The largest submarket is Central Loop with 98,582 office employees (25% of total)
in 1993; the smallest one is West Cook County with only 3,126 office employees (0.8% of
total) in 1993. The average firm size in the submarkets ranges from 20 employees (in South
Suburb) to 58 (in Lake County) employees.
Los Angeles is the largest metropolitan area among the four SMSAs. It has thirty-one
subdivided office submarkets. The largest submarket is LA Downtown, which has 82,243
employees (20.2% of total) in 1993, whereas the smallest submarket is LA Suburban which
contains only 1, 241 employees (0.3%) in 1993. However, the average firm size falls in a
small range from 20 to 40 employees in most of the submarkets. The largest average firm
size is found in El Monte/Baldwin PK which has 93 employees per firm in 1993.
7.3 Estimation and Results
7.3.1 Herfindahl and Hirschmann Indices
The Herfindahl and Hirschmann Index, HHI, is calculated using both employment and
firm (tenant) data in the four metropolitan areas for each of the six selected office industries
- Banking, Security Investment, Insurance, Business Services, Legal, Engineering and Man-
agement Services. Table 7.3 and Table 7.4 show the results of calculation. The first panel
Table 7.3: Herfindahl and Hirschmann Indices for Office Industries - Using Employment
Data
# of # Employee
Submarkets Security Business Engineering
City (n) Banking Investment Insurance Services Legal Management
Atlanta 12 7277 5243 17696 22541 6454 23998
Boston 15 14922 19089 27687 38120 15040 37463
Chicago 13 40030 24473 40496 55963 26971 66040
Los Angeles 31 33507 16067 64817 43860 37420 53066
HHI
Security Business Engineering
City (1/n) Banking Investment Insurance Services Legal Management
Atlanta 0.08 0.1421 0.2357 0.172 0.1463 0.1928 0.1483
Boston 0.07 0.4268 0.3432 0.1681 0.193 0.4136 0.1409
Chicago 0.08 0.3895 0.3839 0.1334 0.1473 0.3494 0.1643
Los Angeles 0.03 0.1058 0.1333 0.2889 0.0479 0.1598 0.0798
# of 1/HHI
Submarkets Security Business Engineering
City (n) Banking Investment Insurance Services Legal Management
Atlanta 12 7.0 4.2 5.8 6.8 5.2 6.7
Boston 15 2.3 2.9 5.9 5.2 2.4 7.1
Chicago 13 2.6 2.6 7.5 6.8 2.9 6.1
Los Angeles 31 9.5 7.5 3.5 20.9 6.3 12.5
1/(n*HHI)
Security Business Engineering
City (1/n) Banking Investment Insurance Services Legal Management
Atlanta 8% 59% 35% 48% 57% 43% 56%
Boston 7% 16% 19% 40% 35% 16% 47%
Chicago 8% 20% 20% 58% 52% 22% 47%
Los Angeles 3% 30% 24% 11% 67% 20% 40%
Table 7.4: Herfindahl and Hirschmann Indices for Office Industries - Using Firm Data
# of # Firm
Submarkets Security Business Engineering
City (n) Banking Investment Insurance Services Legal Management
Atlanta 12 230 153 371 651 353 742
Boston 15 245 335 462 929 643 1145
Chicago 13 431 606 888 1628 1192 1667
Los Angeles 31 937 542 945 1687 1921 2123
HHI
Security Business Engineering
City (1/n) Banking Investment Insurance Services Legal Management
Atlanta 0.08 0.1427 0.1957 0.1387 0.1367 0.1525 0.1261
Boston 0.07 0.1279 0.3311 0.1361 0.1185 0.226 0.1044
Chicago 0.08 0.1225 0.2463 0.1207 0.1131 0.4198 0.1043
Los Angeles 0.03 0.0741 0.082 0.0734 0.0492 0.0694 0.0569
# of 1/HHI
Submarkets Security Business Engineering
City (n) Banking Investment Insurance Services Legal Management
Atlanta 12 7.0 5.1 7.2 7.3 6.6 7.9
Boston 15 7.8 3.0 7.3 8.4 4.4 9.6
Chicago 13 8.2 4.1 8.3 8.8 2.4 9.6
Los Angeles 31 13.5 12.2 13.6 20.3 14.4 17.6
1/(n*HHI)
Security Business Engineering
City (1/n) Banking Investment Insurance Services Legal Management
Atlanta 8% 58% 43% 60% 61% 55% 66%
Boston 7% 52% 20% 49% 56% 29% 64%
Chicago 8% 63% 31% 64% 68% 18% 74%
Los Angeles 3% 44% 39% 44% 66% 46% 57%
gives the total number of employees or firms in each office industry in the metropolitan area.
The panel provides the HHI values and the benchmark value of 1/n. The inverse of HHI,
which indicates the number of "size corrected" submarkets that contain the industry, is
shown in the third panel. Panel 4 presents the fraction values (1/(n * HHI)) of submarkets
that may have the industry's employment/firms.
Result 1.
The office firms/employment are not evenly distributed over space, and there
is spatial clustering of office industry activities within the metropolitan area.
This result is drawn from the fact that the HHI values for all the six office industries
are bigger than their corresponding benchmark values in the four SMSAs. As Table 7.3
shows, the benchmark values for Atlanta, Boston, Chicago, and Los Angeles are .08, .07,
.08 and .03 respectively. However, the smallest HHI values (using employment data) in the
corresponding SMSAs are .1421, .1471, .1473 and .0479 respectively. This indicates that
the most dispersed office industries concentrate in 59%, 47%, 58% and 40% of the total
market in each corresponding city. Therefore, there must be a spatial concentration of
office employment within each metropolitan area.
Result 2.
The degree of spatial concentration differs across industries in the metropoli-
tan area. Based on the magnitude of the HHI values, or the "size corrected" number
of submarkets, or the fraction of total number of submarkets containing the industry, we
are able to make cross-industry comparisons on the degree of spatial concentration within
the metropolitan area and reveal which office industry is more concentrated spatially than
others.
As shown in Table 7.3, the industry with most concentrated employment in Atlanta is
Security Investment, which has a HHI value of .2357, the largest among the six industries.
Its employment concentrates in 4 "size corrected" subcenters, accounting for 42% of the
subcenters. The least concentrated or most dispersed industries in Atlanta are Banking,
Business Services, and Engineering and Management Services. Employment in each of the
industries roughly scatters over 70% of the submarkets in the metropolitan area.
In Boston, the most concentrated industries are Banking and Legal, followed by Secu-
100
rity Investment, Business Service, Insurance, and Engineering and Management Services.
Banking and Legal industries have 2 "size corrected" submarkets each (based on employ-
ment data), meaning that employment in each of the industries concentrates in 16% of the
subcenters in the metropolitan area. The most dispersed industry employment in Boston
is in Engineering and Management Services, which spreads over 47% of the subcenters.
Banking, Security Investment, and Legal industries have a similar degree of spatial
concentration in the Chicago metropolitan area. The values of HHI for the three industries
are .3895, .3839 and .3494 respectively, and their "size corrected" numbers of submarkets
are 3 out of 13, which means that each industry should be concentrated in 20% of the
submarkets in the metropolitan area. The industries of Insurance, Business Services, and
Engineering and Management Services have the "size corrected" number of submarkets of
6-7 out of 13, suggesting that they should spread out over half of the submarkets in the
metropolitan area.
In Los Angeles, the most concentrated industry employment is in Insurance, followed
by Legal Service, Security Investment, Banking, Engineering and Management Services,
and Business Services. Based on employment data, Insurance has the highest HHI value
of .2889 among the six industries and occupies only 3 "size corrected" submarkets out
of 31, which accounts for 11% of the subcenters in the metropolitan area. The Business
Services industry has the lowest HHI value of .0479. The employment in Business Services
spreads over 21 "size corrected" subcenters, accounting for 67% of the subcenters in the
region. Security Investment and Legal have a similar degree of industry concentration; each
occupies 24% and 21% of the subcenters in the metropolitan area. Banking and Engineering
and Management Services have 9 and 6 "size corrected" subcenters respectively, indicating
that they concentrate in 30% and 40% of the subcenters in the Los Angeles metropolitan
area.
Result 3.
The level of spatial concentration for the office industries is consistent across
metropolitan areas. Because the number of subcenters and the benchmark values are
different for each metropolitan area, the HHI values and the number of "size corrected" sub-
centers cannot be used directly for cross-metropolitan comparison. Based on the fraction of
subcenters that contain the industry, the cross-metropolitan comparison can be done easily
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for each industry. For instance, Security Investment and Legal exhibit a higher degree of
spatial concentration relative to other industries in all four metropolitan areas. The fraction
of subcenters that contain each of the two industries are the smallest among the six indus-
tries. The employment in Business Services shows the lowest degree of spatial concentration
as compared with others. The fraction of subcenters that contain Business Services is the
largest among the six industries. Banking, however, has a very high degree of industry
concentration in all metropolitan areas except in Atlanta. Insurance shows very low degree
of industry concentration in all the metropolitan areas except Los Angeles. Engineering
and Management Services usually exhibits a medium degree of spatial concentration among
the six office industries in all four metropolitan areas.
Result 4.
The distribution of firms has a higher dispersion than the corresponding dis-
tribution of employment for each industry. If we compare Table 7.3 and Table 7.4,
we find most of the HHI values that are based on firm data are smaller than the corre-
sponding values that are based on employment data in the four metropolitan areas. The
difference between the two calculations is because of the uneven distribution of firm sizes
among subcenters. The bigger the range of firm sizes among subcenters, the larger the
difference between the two HHI values.
If the value of the employment-based HHI value is much bigger than the firm-based HHI
value for industry i, we can conclude that the employment of industry i tends to be more
concentrated over space, but the firms of industry i are more dispersed over space. For
instance, Banking in Boston has an employment-based HHI value of .4268 and a firm-based
HHI value of .1279, indicating that there must be larger banking firms concentrating in a
few submarkets, and smaller banking firms spreading out over submarkets. This is quite
realistic because the banking branch offices can be found in every part of the metropolitan
area, while Banking employment is more condensed in only 2-3 submarkets in the Downtown
Financial District in Boston.
If the difference between the employment-based HHI value and firm-based HHI value is
relatively small for a industry, we can say that each submarket consists of similar size office
firms in that industry. For example, the employment-based and firm-based values of HHI
are .0479 and .0492 respectively for Business Services in Los Angeles. It can be explained
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by the fact that firms in Business Services have similar sizes in the region and the level of
spatial clustering of employment in Business Services is quite low.
Table 7.3 and Table 7.4 also show that, except in Atlanta, Banking employment tends
to be very concentrated in a few subcenters, even though Banking firms are dispersed over
space. Security Investment firms also spread out over space, whereas the Security Invest-
ment employment is concentrated in several subcenters. Both the employment and firms in
Insurance are more evenly distributed in the metropolitan areas except in Los Angeles, in
which Insurance employment is very concentrated. Business Services and Engineering and
Management Services have a very dispersed distribution both for firms and for employment,
as suggested by the smaller difference between the employment-based and the firm-based
calculation of the HHI values. It is interesting that Legal exhibits mixed results in terms
of the degrees of spatial concentration. A large difference between the firm-based and the
employment-based HHI values is observed in Boston and Los Angeles, which indicates that
legal firms have spatial concentration of employment. However, the result in Atlanta shows
a small difference between the two HHI values suggesting a low degree of spatial concen-
tration. In Chicago, the result is the opposite compared with other cities. Its firm-based
HHI value is larger than the employment-based HHI value, indicating that Legal employ-
ment is more dispersed than Legal firms in the metropolitan area. This observation can be
explained by the fact that some submarkets may contain many small law firms, and some
submarkets consist of a few large legal firms, which leaves Legal employment more evenly
distributed among subcenters.
7.3.2 Location Quotients
The location quotients are calculated with both employment and firm data for the six
selected office industries in each of the submarkets in the four metropolitan areas, Atlanta,
Boston, Chicago and Los Angeles. Table 7.5 shows the results of the calculation. The
columns are the industries and the rows are the submarkets. Each cell represents the LQ
value for a particular industry in a particular submarket in the metropolitan area. Since the
location quotient is the relative ratio of industry share in the subcenter to the corresponding
industry share in the region, LQ can be used to compare the industrial concentration across
subcenters and across industries.
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Table 7.5: Location Quotients For Office Industries
(1) Based on employment data - Atlanta
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
Perimeter Center 0.97 0.57 1.45 1.07 0.47 1.05
175/1285 NW 1.5 0.92 1.31 1.27 0.83 0.62
Century Center 0.49 0.24 0.86 1.45 0.56 0.86
Downtown 1.05 1.92 0.3 0.34 2.04 0.95
Midtown 0.63 0.42 0.15 1.18 1.5 1.51
Buckhead 0.66 3.43 1.62 1.19 1.51 0.7
85/NE 0.66 0.18 1.25 1.29 0.28 1.4
Airport 1.07 0.18 0.61 0.7 0.35 1.23
Decatur 4.76 0.08 0.42 0.06 0.92 0.92
Residual North 0.44 1.03 0.44 0.51 0.22 1.25
Northlake 0.71 0.2 2.06 0.91 0.18 0.28
Residual South 0 0 0.24 0.36 2.73 3.67
Total tenant 7,277 5,243 17,969 22,541 6,454 23,998
# of centers for LQ>=1 4 3 5 6 4 6
(2) Based on firm data - Atlanta
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
Perimeter Center 1.19 1.06 1.18 1.17 0.62 0.93
175/1285 NW 1.26 1.16 0.84 1.07 0.49 1.05
Century Center 0.63 0.38 1.05 1.3 0.69 1.11
Downtown 1.51 1.17 0.35 0.55 2.67 0.95
Midtown 0.61 1.05 0.46 1.04 1.26 1.2
Buckhead 0.59 2.21 1.18 1.03 1.3 0.8
85/NE 0.78 0.21 1.21 0.86 0.51 1.21
Airport 1.79 0.3 0.74 1.2 0.39 0.56
Decatur 1.46 0.24 1.21 0.52 2.43 0.86
ResidualNorth 0.33 0.5 1.65 0.94 0.65 1.55
Northlake 1.06 0.25 1.82 0.95 0.48 0.94
Residual South 0 0 1.5 1.14 2.1 0.25
Total tenant 230 153 371 651 353 742
# of centers for LQ>= 1 6 5 8 7 5 5
continued...
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Table 7.5 continued...
(1) Based on employment data - Boston
Industry
submkt name
West Suburban
South Suburban
North Suburban
NW Suburban
North of Boston
Financial District
Government Center
North Station
Fort Point Channel
Midtown
South Station
Back Bay
South 128 & Rt 3
Mass Pike & 128
Cambridge
Banking
0.57
0.55
1.13
0.81
1.29
2.87
0.07
0.05
0.03
0.35
0.2
0.35
0.92
0.37
0.14
Security
Investment
0.03
0.36
0.15
0.19
0
2.47
1.35
0.25
0.47
0.04
1.76
0.95
1.82
0.32
0.05
Insurance
0.67
1.77
1.69
0.34
0.39
0.96
2.07
0.14
0
1.22
0.21
3.11
1.62
0.55
0.11
Business
Services
1.1
0.35
1.25
1.33
1.76
0.39
0.07
0.3
1.19
0.62
0.28
0.38
0.54
1.36
2.54
Legal
0.27
0.1
0.48
0.09
0.75
2.8
3.36
2.82
1.96
0.78
1.46
0.05
0.27
0.21
0.14
Engineering &
Management
Services
0.57
0.84
0.87
1.4
0.53
0.67
0.19
1.59
0.73
0.97
2.33
0.8
0.5
0.82
1.88
Total tenant 14,922 19,089 27,687 38,120 15,040 37,463
# of centers for LQ>= 1 3 4 6 7 5 4
(2) Based on firm data - Boston
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
West Suburban 1.52 0.2 1.01 1.34 0.56 0.81
South Suburban 1.37 0.75 1.45 0.63 0.46 0.99
North Suburban 1.24 0.32 1.94 0.96 0.78 0.84
NW Suburban 1.19 0.65 0.53 1.44 0.25 1.07
North of Boston 1.66 0 1.17 0.58 1.83 0.67
Financial District 1.16 2.82 1.13 0.57 2.25 0.79
Government Center 0.39 0.94 0.75 0.2 3.68 0.58
North Station 0.22 0.65 0.35 0.59 1.78 1.67
Fort Point Channel 0.37 0.54 0 1.57 0.28 1.19
Midtown 0.28 0.21 0.3 1.08 1.19 1.24
South Station 0.73 1.33 0.96 0.62 0.48 1.94
Back Bay 0.74 0.88 0.64 1.27 0.18 1.14
South 128 & Rt 3 1.38 0.3 1.78 0.78 0.6 0.79
Mass Pike & 128 0.83 0.81 1.09 1.14 0.48 0.95
Cambridge 0.41 0.3 0.35 1.52 0.65 1.68
Total tenant 245 335 462 929 643 1,145
# of centers for LQ>=1 7 2 7 7 5 7
continued...
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Table 7.5 continued...
(1) Based on employment data - Chicago
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
North Shore South 0.26 0.23 1.15 0.56 0.16 0.69
North Shore 0.32 0.63 1.76 0.85 0.32 1.07
Oak Brook 0.35 0.37 1.18 1.96 0.13 0.85
West Cook Co 0.15 0.19 1.2 0.87 0.09 0.3
South Suburbs 0.93 0.15 1.61 1.51 0.38 0.43
Schaumburg/Woodfield 0.68 0.26 1.38 0.76 0.1 0.92
Chicago O'Hare 0.3 0.41 1.61 1.4 0.09 0.87
Lake County 1.68 0.23 0.45 0.45 0.24 0.49
West Loop 1.19 1.94 1.56 0.66 1.39 1.08
Central Loop 2.39 2.27 0.33 0.66 2.13 1.24
East Loop 0.22 0.13 1.36 0.76 1.4 1.11
N Michigan Ave 0.14 0.6 0.24 1.63 0.68 0.77
River North 0.05 0.09 0.58 1.69 0.3 1.29
Total tenant 40,030 24,473 40,496 55,963 26,971 66,040
# of centers for LQ>=1 3 2 9 5 3 5
(2) Based on firm data - Chicago
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
North Shore South 1.07 0.51 1.67 0.79 0.44 1.48
North Shore 0.76 0.76 1.12 0.95 0.32 1.49
Oak Brook 1.14 0.59 1.31 1.23 0.29 1.01
West Cook Co 1.35 0.38 1.71 1 0.39 0.7
South Suburbs 2.58 0.28 2.19 0.92 0.79 0.83
Schaumburg/Woodfield 1.52 0.49 1.12 0.84 0.27 0.96
Chicago O'Hare 0.93 0.39 1.32 0.91 0.21 1.05
Lake County 2.01 0.68 0.93 0.86 0.7 0.88
West Loop 1.06 2.35 1.85 0.69 0.96 1.09
Central Loop 1.02 2.07 0.68 0.6 3.07 0.67
East Loop 0.6 0.4 0.47 1.21 0.82 1.08
N Michigan Ave 0.44 0.62 0.3 1.59 0.14 1.08
River North 0.32 0.23 0.31 2.15 0.37 1.19
Total tenant 431 606 888 1,628 1,192 1,667
# of centers for LQ>=1 8 2 8 5 1 8
continued...
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Table 7.5 continued...
(1) Based on employment data - Los Angeles
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
LA Suburban 0.88 0 0.78 4.28 0.22 0.07
LADowntown 1.15 1.47 0.35 0.39 1.74 0.99
Pasadena/Glendale 1.68 1.59 0.9 0.42 0.53 1.03
Brentwood Corridor 0.81 0.86 0.14 1.87 2.15 1.15
N San Fernando Vlly 1.08 0.44 0.74 1.42 0.25 0.98
Torrance/Carson 0.9 0.5 0.37 1.77 0.38 1.31
Cerritos 1.26 1.1 0.6 0.87 0.67 1.46
East LA 0.31 0 0.91 2.64 0 0.2
Mid-Wilshire 0.65 1.4 1.49 0.73 1.65 0.87
Beverly Hills Triangle 4.32 3.03 0.12 0.22 1.8 0.45
Beverly Hills 0.47 1.11 0.19 0.81 0.93 2.91
LAX/El Segundo 0.47 0.4 0.07 1.41 0.08 1.01
Long Beach 1.01 0.8 0.35 1.65 0.7 1.01
Miracle Mile 0.92 0.73 1.03 2.29 0.93 0.63
Burbank/N Hollywood 0.49 0.39 1.4 1.11 0.36 0.98
Sherman Oaks/Vn Nuys 0.98 0.43 0.64 1.56 1.22 1.16
Warner Ctr/W Vly 0.51 0.18 4.16 0.38 0.2 0.54
Thous Oaks/Wlake Vg 0.75 0.71 1.2 1.19 0.15 0.57
El Monte/Baldwin Pk 4.64 0.07 0.11 3.45 0.07 0.75
La Puente/Vlly Blvd 1.24 0 0.39 2.14 0.04 0.48
Covina/Pomona 1.69 0.37 0.94 1.23 0.6 0.54
Century City 0.48 2.06 0.15 0.6 3.28 1.64
Fox Hills 0.4 0.78 0.55 2.38 0.33 1.27
Hollywood 0.07 0.12 0.05 1.21 0.19 0.67
Marina Del Rey 0.18 0.18 0.11 1.83 0.91 1.15
Olympic Corridor 0.28 1.11 1.09 2.02 2.53 0.73
Park Mile 1.08 0.73 3.17 0.9 1.07 0.29
Santa Monica 0.82 2.09 0.23 2.04 0.92 1.32
West Hollywood 0.47 0.09 0.2 0.48 0.6 1.62
West Los Angeles 0.56 1.25 0.22 1.81 0.68 1.01
Westwood 0.57 2.1 0.18 1.34 2.17 1.11
Total tenant 33,507 16,067 64,817 43,860 37,420 53,066
# of centers for LQ>=1 10 11 7 21 8 15
continued...
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Table 7.5 continued...
(2) Based on firm data - Los Angeles
Industry
Engineering &
Security Business Management
submkt name Banking Investment Insurance Services Legal Services
LA Suburban 2.17 0 0.86 1.45 0.42 0.38
LA Downtown 1.55 1.64 0.45 0.71 1.15 0.69
Pasadena/Glendale 1.21 1.57 1.78 0.77 1.15 1.07
Brentwood Corridor 0.85 1.24 0.44 1.06 1.55 1.04
N San Fernando Vly 1.53 0.34 1.25 0.77 0.36 0.94
Torrance/Carson 1.02 0.59 0.81 1.28 0.54 1.23
Cerritos 1.7 0.59 1.01 0.9 0.68 0.83
East LA 1.81 0 1.2 0.34 0 0.53
Mid-Wilshire 0.87 0.5 1.9 1.03 1.38 0.79
Beverly Hills Triangle 0.96 2.85 0.45 0.43 1.9 0.59
Beverly Hills 0.51 1.05 0.53 0.96 1.29 0.92
LAX/El Segundo 1.03 0.53 0.48 1.42 0.24 1.39
Long Beach 1.36 1.12 0.94 0.83 0.91 1.16
Miracle Mile 0.55 0.95 1.25 1.83 1.23 0.82
Burbank/N Hollywood 0.87 0.57 1.83 1.18 0.57 0.82
Sherman Oaks/Vn Nuys 0.89 0.45 1.09 0.82 1.15 1.23
Warner Ctr/W Vlly 1.02 0.55 1.84 1 0.56 1.19
Thous Oaks/Wlake Vg 0.73 0.84 1.6 1.39 0.24 0.85
El Monte/Baldwin Pk 1.42 0.62 1.24 1.19 0.35 1.34
La Puente/Vlly Blvd 2.43 0 0.97 0.54 0.12 0.64
Covina/Pomona 2.05 0.67 1.49 0.71 0.76 0.88
Century City 0.57 2.09 0.36 0.73 2.28 1.05
Fox Hills 0.61 0.47 1 1.68 0.46 0.92
Hollywood 0.18 0.31 0.25 1.45 0.52 0.6
Marina Del Rey 0.14 0.48 0.41 1.54 0.68 1.16
Olympic Corridor 0.39 1.01 0.87 2.05 1.04 0.81
Park Mile 1.33 0.83 2.75 0.94 1.18 0.69
Santa Monica 0.76 1.22 0.54 1.09 0.97 1.34
West Hollywood 0.37 0.32 0.18 0.78 0.68 1.44
West Los Angeles 0.45 1.21 0.49 1.28 0.6 1.24
Westwood 0.72 1.73 0.61 0.93 1.55 1.03
Total tenant 937 542 945 1,687 1,921 2,123
# of centers for LQ>=1 14 11 14 16 12 14
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Result 1.
The LQ values by column reveal how many subcenters and which subcenters
have a relatively more concentrated industry employment as compared to the
industry average in the region for a particular industry. For example, in Atlanta, the
employment in Banking is mostly concentrated in four subcenters, namely, 175/I285NW,
Downtown, Airport and Decatur, which have LQ values of 1.5, 1.05, 1.07 and 4.76 respec-
tively. Banking employment is more concentrated in Decatur than in any other submarkets
in the metropolitan area.
By the same token, the LQ values by row tell how many and which industries in a sub-
center have a higher level of industry concentration than the industry average in the region.
For instance, there are three industries in Perimeter Center in Atlanta, namely, Insurance,
Business Services and Engineering and Management Services, that have employment-based
LQ values greater than one. They are the industries that have a higher relative degree of
employment concentration than their industry averages in the region. So we can say that
Perimeter Center is dominated by these three industries.
Result 2.
Since the degree of industry concentration can be compared by using the scale
of the LQ index both across industry and across subcenters, we are able to
identify the most concentrated industries and their employment locations in
the metropolitan area2. For example, in Atlanta, Banking in Decatur has the highest
LQ value among all industries, which indicates that Banking is the most concentrated
industry in Atlanta, and most of its employment is located in Decatur. In addition, Security
Investment employment is mostly concentrated in Buckhead, as shown in the LQ value of
3.43. Insurance, however, is concentrated in Northlake. The Business Services is the most
evenly distributed among the six industries, as can be seen from the relatively smaller
variation of LQ values across subcenters. The employment in Legal is concentrated in
Downtown and Residual South, and in Engineering and Management Services is mostly
clustered in Residual South.
In Boston, the most concentrated employment is found in Insurance (LQ = 3.11) which
2Although LQ is a relative spatial concentration measure across submarkets, it cannot tell the degree of
firm specialization within a submarket.
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is clustered in Back Bay, and in Legal which is gathered in Government Center (LQ = 3.36).
Most of the employment in Banking and Security Investment clusters in Financial District.
There is also some concentration of the Security Investment companies in South 128 & Rt 3,
and Government center. There is a concentration of Insurance firms in the Government
Center, South Suburban and North Suburban submarkets, etc. For Business Services,
there is a spatial concentration of employment in Cambridge with LQ value of 2.54, and a
relatively even distribution of employment among other submarkets. Legal employment also
concentrates in North Station. Most of the employment in Engineering and Management
Services scatters over the metropolitan area except in the clusters of South Station and
Cambridge.
In Chicago, the most concentrated employment is in Banking, Security Investment and
Legal, which is located in Central Loop with the highest LQ values of 2.39, 2.27 and 2.13
respectively. The employment in Banking also concentrates in Lake County and West Loop;
Security Investment firms cluster in West Loop, and Legal employment gathers in West
Loop and East Loop. The employment in Insurance, Business Services, and Engineering
and Management Services is distributed more evenly among submarkets, as shown by their
smaller variations of LQ values as compared with the other three industries.
In Los Angeles, Banking employment is highly concentrated in two submarkets: Beverly
Hills Triangle (LQ = 4.32) and El Monte/Baldwin PK (LQ = 4.64). The employment in
Security investment exhibits a high concentration in Beverly Hills Triangle (LQ = 3.03),
Century City (LQ = 2.06) and Santa Monica (LQ = 2.09). Most of the employment in
Insurance clusters in Warner Center/W. Vlly, and Park Mile, with LQs values of 4.16 and
3.17 accordingly. The employment in Business Services is more dispersed than in other
industries in the metropolitan area, though there is also a high concentration of employ-
ment in some submarkets. For example, LA Suburban and El Monte/Baldwin PK have
LQ values of 4.28 and 3.25 respectively, which indicates that there is highly concentrated
Business Services employment in these submarkets. For Legal, the spatial concentration
of employment is very high too. Among 31 submarkets, 8 of them have LQ values greater
than one. The legal employment is mostly concentrated in Century City, Olympic Corridor,
Westwood and Brentwood Corridor. The most employment concentration in Engineering
and Management Services is found in Beverly Hills (LQ = 2.91), though there are also
concentrations of its employment in many other submarkets.
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Result 3.
The LQ can be used to "cross-check" the results obtained from the HHI index
for the degree of industry concentration. With HHI, we can derive the "size corrected"
number of subcenters that contain a specific industry. Using LQ values, we can count the
number of subcenters that have the LQ value greater than one for each industry (see the last
rows in Table 7.5). The "cross-check" can be done by comparing the number of subcenters
that have LQ values greater than one in a certain industry, with the number of "size
corrected" subcenters in the corresponding industry. Ironically, these two values are roughly
matched for most industries in the four metropolitan areas, both for the employment-based
and for the firm-based calculations.
For example, using employment data, we find that Banking in Boston has three sub-
centers that have LQ values greater than or equal to one, indicating that these subcenters
contain relatively concentrated Banking employment. This is close to the results of the
"size corrected" subcenters obtained from the HHI. For Security Investment, there are four
subcenters that have LQ index values greater than one, which draws a similar conclusion
to that obtained from the HHI, which has 3 "size corrected" subcenters that contain the
industry. For Insurance, Business Services, Legal, and Engineering and Management Ser-
vices, the number of subcenters that have LQ values greater than one are 6, 7, 5, and 4
respectively; whereas the number of "size corrected" subcenters containing each of the cor-
responding industries are 6, 5, 2 and 7 accordingly. The results show consistency between
the HHI and LQ in indicating the degree of industrial spatial concentration.
Notice, however, the number of subcenters that have LQ values greater than one are not
identical to the number of "size corrected" subcenters. This is because the "size corrected"
number of subcenters is calculated based upon the assumption that subcenters that contain
an industry are evenly distributed (i.e., they are all the same size), rather than on the
actual distribution of the subcenters. The value of LQ is based on the actual data of
the employment/firms distribution in the metropolitan area. Nevertheless, the consistency
of the two indices in representing the degree of industry concentration gives us a better
understanding of the spatial distribution of industries.
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7.4 Conclusion
This chapter discussed the measurement of the degree of spatial concentration of office
industries. We conclude that the best index is the Herfindahl and Hirschmann Index, which
can be used to represent an industry's degree of spatial concentration. It is a good indicator
because it is a single number, simple to compute, and more important it can be used to
make cross-industry comparisons. The inverse of HHI is rather an interesting measure which
gives the number of "size corrected" subcenters that contain the industry. As long as we
know the benchmark value for the HHI, we can make the cross-industry, as well as the
cross-metropolitan comparisons on the fraction of subcenters that contain the industry in
a metropolitan area. If the HHI is a times the benchmark value, this indicates that the
industry should concentrate in 1/a of the metropolitan area. The Location Quotient is also
studied in this chapter. Interestingly enough, we find that the number of "size corrected"
subcenters and the number of subcenters that have LQ values greater than one are roughly
matched. This suggests that the two indices can be used to cross-check the results of the
degree of industry concentration.
Based on the HHI, we find there are spatial concentrations of office industries in the
four SMSAs. Security Investment and Legal show a higher degree of spatial concentration
relative to other industries in all the four metropolitan areas. The employment in Busi-
ness Services exhibits the lowest degree of spatial concentration among the six industries.
Banking has a very high degree of spatial concentration in all the SMSAs except in Atlanta,
whereas Insurance shows a low degree of spatial concentration in all the SMSAs except in
Los Angeles. Engineering and Management Services usually exhibits a medium degree of
spatial concentration among the six office industries.
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Chapter 8
Intrametropolitan Office Firm
Location and Spatial Clustering
We have concluded in the theory that office firms that have close production relations and
similar requirements on the level of information input will cluster in space. The Herfindahl
and Hirschmann Indices and Location Quotients presented in the previous chapter also sug-
gest that office firms are, on average, concentrated in spatial clusters within a metropolitan
area, but the degrees of spatial concentration differ across the office industries. However,
what types of office industry firms locate together? In other words, on the margin, do the
office firms like to locate with firms of the same industry or of different industries? These
questions have not been answered, but are essential in understanding the spatial clustering
behavior of the office industry firms, and critical in explaining the underlining reasons for
the agglomeration of office activities. Therefore, in this chapter, we are going to exam-
ine these issues by doing an empirical test of the office firm's intra-metropolitan location
behavior.
Section 8.1 reviews the previous empirical work on intra-metropolitan location behavior.
Section 8.2 lays out the specifications of the conditional logit model and the explanatory
variables used. Section 8.3 presents the data, and section 8.4 discusses the results of the
estimations.
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8.1 Previous Work
Empirical studies on the intra-metropolitan office firm location have been conducted by
researchers in different disciplines. Geographers and planners have provided a lot of em-
pirical evidence through the survey information and case studies, and analyzed the spatial
patterns of office firms to answer the policy related questions concerning the office space
and the development of suburban centers of office employment (Goddard 1975, Danniels
1977; Hartshorn and Muller 1989; Matthew 1993). Most of these studies, however, tend to
be descriptive in nature. Economists and regional scientists have contributed to the em-
pirical literature of office locations (Vahaly 1976; Archer 1981; Clapp 1980; Erickson and
Wasylenko 1980; Wasyslenko 1980; Ihlanfeldt and Raper 1990; Clapp 1992) by building
empirical models to test their hypotheses.
Archer (1981) examines the determinants of the downtown/non-downtown location
choice for the general-purpose office firms within medium size cities in a model that ac-
counts for linkages, personnel communicating costs and the location of market centroid.
Using the questionnaire surveys of office space usage conducted in Jacksonville, Florida and
Hartford, Connecticut, he finds that the market oriented firms are primarily sensitive to
market location, while non-market oriented firms are more sensitive to linkages and person-
nel commuting costs. Clapp (1980) finds that market rents of office space result from the
competing bids of the office activities and the spatial distribution of the office supply. Bid-
rent decisions are determined by the need for the access to face-to-face contacts and to the
residences of the employees. Groups of office activities with specialized needs can partially
satisfy their contact requirement by clustering together. Ihlanfeldt and Raper (1990) use a
Tobit model to estimate separately for independent and branch offices in metropolitan At-
lanta from 1981 to 1983. His results provide strong confirmation of the hypothesis that the
location decisions of new office firms within metropolitan areas are a function of the spatial
variation in variables, such as wage rates, transportation rates, distances to customers and
the supplies of support services, land prices, etc., that affect profits.
However, empirical evidence of the spatial clustering behavior of the office industry
firms is very limited in volume in economics literature. Erickson and Wasylenko (1980)
develop a logistic model of the site choice decision of relocating firms in seven single-digit
SIC industries and test by using data of firms which have moved from Milwaukee City to
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its suburbs between 1964 and 1974. They include the office industry concentration measure
in their model, and the results show that agglomeration economies and an available labor
force are important influences in the site choice among suburban locations for firms in all
industries. Yet, their industries are at one-digit SIC level and the result could not distinguish
intra-industry and inter-industry relations among office firms.
This research intends to contribute to the literature of intra-metropolitan office location
by developing an empirical model to test the spatial clustering behavior of the office firms
in six office industries grouped at the two-digit SIC level. These include Banking; Security
Investment; Insurance; Business Services; Legal; and Engineering and Management. Fol-
lowing the line of the theoretical reasoning on the spatial clustering of office firms in earlier
sections, a conditional logit model is employed to examine the factors that influence the
locational choice of the office firms, and to explain the sources of agglomeration.
8.2 Model Specification and Explanatory Variables
8.2.1 The Conditional Logit Model
Submarkets were chosen to proxy homogeneous locations from which office firms could
make their choice1 . Given the characteristics of alternative locations of the submarkets, it
is assumed that each "moved" office firm chooses its location of a submarket based on the
valuation of the characteristics in different submarkets in the metropolitan area. Hence,
the probability of an office firm i choosing a certain submarket j from a set of choices of
submarkets can be represented by the following
Pi = Prob[Uij > Uik] Vk E J, k # j (8.1)
Ujj is the utility of individual firm i locating in subcenter j 2, and can be expressed as
'An office submarket is defined as a geographically separated area that contains spatially clustered office
firms. An office firm chooses to locate in one submarket rather than the other as a result of the market
competition on the usage of office space among all competing locations in the metropolitan area. The
attributes within a submarket are assumed to be the same for all firms, while differ across submarkets. In
the theory, workers only commute to whichever business center that is the closest to his residence, and no
cross commuting occurs between subcenters. However, this is hardly true in reality because people living
in the metropolitan area can work at any center in the city. The "submarket" used in this empirical study
actually contains workers living in any place in the city. More on this will be discussed in the data section.2 The utility of individual firm can be expressed as Ujj = uij + Eij, where uij is a nonstochastic functions
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Uij = a'xij + 3'wi + Eij (8.2)
where xij is a vector of submarket characteristics, and wi is a vector of firm characteris-
tics. A conditional logit model is used to assess the importance of choice-specific attributes.
So the probability of an office firm making the choice of submarket j is 3
Prob[Yi = 1] =- e/Xij+Wi (8.3)Eggj eO'xii +a'wi
Y is an indicator variable that takes on the value of 1 if the ith individual chooses the
jth location and 0 otherwise. xij varies across the choices of submarkets, but wi contains
the characteristics of individual firm and is the same for all choices. Since terms specific
to individuals fall out of the probability in Eq.( 8.3) as they do not vary across choices, a
set of dummy variables (interactive terms between individual specific variables and choice
specific variables) are created to allow for individual firm specific effects. The maximum
log-likelihood functions are estimated by using the Newton-Raphson method. 4
8.2.2 Explanatory Variables
According to the model specification, the explanatory variables used to estimate the condi-
tional logit model include choice specific variables, i.e., the submarket characteristics, and
individual specific variables, i.e., firm characteristics. These variables are described below
and the summary information for all the possible explanatory variables is provided in Table
8.1.
Subcenter size. The submarket size reflects the scale factor that influences the location
decision of an office firm. One hypothesis is that the larger the submarket is, the higher
the degree of product differentiation and firm specialization, the higher the level of inter-
firm activities and information flow, and the more productive the firms will be. The total
net rentable area (nraj) at the submarket j is used to capture this scale effect. If there
of explanatory variables and eij is an unobservable random variable.
3McFadden (1973) has shown that if (and only if) the J disturbances are independent and identically
distributed with Weibull distribution, F(eij) = e~"I, the probability can be expressed in Eq.( 8.3).
"This is the method used in STATA.
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Table 8.1: Definition of the Explanatory Variables for Logit Models
Explanatory Variable Definition
nra89 total net rentable area by submarket in 1989
rent89 average low gross rent in submarket in 1989
vacan89 vacancy rate in submarket in 1989
d_dwntwn highway distance from the submarket to downtown
d-airprt highway distance from the submarket to airport
highway number of highways across the boundary of the submarket
tl-avg average auto travel time to work by all workers in the metro area to the submarket
t-avg average all means travel time to work by all workers in the metro area to the submarket
sshr89a self-industry share of total floor area within the submarket
sshr89t self-industry share of total number of tenants within the submarket
csshr89a self-industry share of total floor area across submarkets
csshr89t self-industry share of total number of tenants across submarkets
t-sic average travel time to work by industry
EENRA firm size * nra89
EE TSIC firm size * t sic
EESSHRa firm size * sshr89a
EESSHRt firm size * sshr89t
EECSHRa firm size * csshr89a
EE CSHRt firm size * csshr89t
NRACSHa nra89*csshr89a
NRA CSHt nra89*csshr89t
are economies of scale at the submarket level, the estimated coefficient is expected to be
positive. This coefficient will not tell, however, whether the economies of scale come from
intra-industry or inter-industry.
Office rent and vacancy rates. Office rents across different submarkets should be
considered to be one of the production cost factors that influence the office firm's location
decision. The average cost of renting office space in a submarket is expected to be negatively
related with the firm's utility. Another variable that may capture the rental cost is the
vacancy rate in each submarket. Wheaton and Torto (1988) have shown that there exists a
strong vacancy rental adjustment mechanism in the market for office space. Using national
time series data, they find that real office rents drop approximately 2% annually, for every
percentage point of "excess vacancy" in the market. Thus the expected sign for vacancy
rate should be positive.
Wage rates. The labor cost comprises the largest single component of operating costs
for office firms (Hamer 1974), hence intra-metropolitan variation in wage rates should be
a significant determinant of the office firm location. Since the data of wage rates by sub-
markets are not available, the average commuting time to work is used as a substitute.
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A number of studies have shown that wage rates directly relate to the commuting costs
(Madden, 1985, Ihlanfeldt 1992; and Timothy 1994), so the average travel time to work
(Lavg) is used to proxy the average wage rate in the submarket.
Industry composition. One industry specific variable is the self-industry share within
the submarket (sshrij)5 (where, i represents the industry, and j represents the submarket).
This variable is used to reflect the industry composition at the submarket and to reveal
how the share of the same industry employment/floor space at the submarket influence
the firm's locational choice. More specifically, we want to see whether an office firm would
like to cluster with the office firms of its own industry. If a firm's utility has a positive
relation with the self-industry share, we say that the firm tend to cluster with the same
industry firms. Thus the scale economy may stem from the intra-industry spillover, such as
information sharing. On the other hand, if a firm's utility has a negative relation with the
variable of the self-industry share, we say that the firm dislikes to locate together with the
firms of the same industry. Thus the agglomeration of office industry firms may be derived
from inter-industry linkages.
Industry concentration. Another industry specific variable is the self-industry share
across submarkets (csshrij)6 (where i represents the industry, and j represents the sub-
market). This variable differs from the industry composition variable in that it is a spatial
concentration measure for a particular industry, while sshrig is an industry composition
measure for a submarket. The sign of the estimated coefficients for csshrig should also tell
whether firms like to cluster with the same or different industry firms. By including both
the industry composition and industry concentration variables, we should be able to see
how the office firms choose their locations based on the spatial distribution of the same
industry firms.
Labor market accessibility. Whether office firms will find their professional employ-
ees in a submarket is an important factor that influences their location decision. One can
use the mean travel time to work by industry (Lsic) to capture the effect of the labor mar-
ket accessibility. The shorter the average commuting time to work for workers in industry
5For example, the self-industry share for Banking industry firms within a submarket is the ratio of the
number of firms in Banking industry in the submarket to the total number of firms in all industries in the
submarket.
6The self-industry share across submarkets for Banking industry is the ratio of the number of Banking
industry firms in each submarket to the total number of firms in Banking industry in the metropolitan area.
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i is, the higher the degree of labor accessibility for industry i in the submarket is, and it is
easier for firms of industry i to find their workers by locating in the submarket. Thus this
variable is expected to have a negative relationship with the firm's utility.
Transportation and distances. According to our theory, the cost of the face-to-face
contact depends on the transportation rate and the distance between office firms. If the
office firms in a submarket have to go to the CBD to obtain their information inputs, they
will consider the distance between the submarket and the CBD (d-dwntwn) as a negative
factor in their utility function. The farther the submarket is from the CBD, the higher
the unit cost of contact will be, and thus the expected sign of the coefficient for d-dwntwn
should be negative. In addition, the highway access (highway) as measured by the number
of highways across the boundary of a submarket will capture the effect of transportation
accessibility on the locational choice of the office firms. Apart from reducing the contact
cost in the face-to-face meetings, a better highway access also affects the firm's location by
lowering the commuting cost of its employees.
The submarket distance to airport (d-airprt) will reflect the cost of transporting the
employees by air to the meetings outside of the metropolitan area. This cost will be lower
if the office firm locates closer to the airport. However, the expected sign of the coefficient
is not clear because it depends on how often the firm will attend the inter-metropolitan
meetings, and whether there are other locational advantages or disadvantages near the
airport, such as noise, etc.
Firm size. To reflect how the differences in the individual firm's characteristics affect
the location decision, the interactive terms between the attributes of the choice variables
and the individual specific characteristic variables are obtained by directly multiplying the
attribute variable with the continuous individual specific variable. In the data set, the firm
size is the individual specific variable, measured either by the number of employees or the
net rentable area of the firm. The interactive terms will capture how the firm size and
submarket attributes jointly affect the locational behavior of the office firm.
Submarket size and industry concentration. Since the level of industry concen-
tration may be influenced by the size of the submarket, and factors such as the existence of
a large non-office industry may influence the location of other office industries, we include
the interactive terms of NRA * CSHa and NRA * CSHt to capture the joint effect of
submarket size and industry concentration on the locational choice of office firms. If the
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estimates for the interactive terms are positive, it means that office firms prefer to locate
with its own industry firm when the submarket size is large. If the estimates are negative, it
tells that office firms would like to cluster with its own industry firms when the submarket
size is small.
In general, since the firm's locational choice is influenced by the existing submarket
characteristics, lags are used for the independent variables where applicable. In the next
section, the actual data used for estimation will be discussed.
8.3 Data
Tenant records, compiled by CB Commercial/Torto Wheaton Research were used to identify
firms in Atlanta metropolitan area. The reason for choosing Atlanta is that it has the largest
number of new tenants that moved into the submarkets during the study period of 1989-
1993, among the four SMSAs under study - Atlanta, Boston, Chicago, and Los Angeles.
In the data set, there are total of 429 office firms that moved into the office buildings
in 10 submarkets in Atlanta during 1989-1993. Each firm is identified with tenant ID,
name of the submarket that the firm is in, SIC code, number of employees, square footage,
and the date that the firm moved in. For the purpose of this study, firms are combined
into six industry categories according to SIC codes, namely, Banking, Security Investment,
Insurance, Business Services, Legal, and Engineering and Management services.
Data on the office submarket attributes are also collected from CB Commercial/Torto
Wheaton Research. Submarkets are defined based on the office building spatial clustering
pattern in the Atlanta region. The map of Atlanta office submarkets is shown in Figure 8-1.
Table 8.2 shows the characteristics of the submarkets. The average rent (rent89) at the
submarket is obtained based on the tenants' asking rents. The total net rentable area in
1989 (nra89) at the submarket is obtained by adding all industry net rentable areas at the
submarket.
The mean travel time to work is used as a proxy for wage rates. The travel time
data are collected from the 1990 PUMS (Public Used Microdata Samples). As the PUMS
area boundaries are not consistent with the definition of the submarket defined by CB
Commercial, adjustments are made for all submarkets. In Atlanta, ten submarkets are
contained in seven POWPUMA (Place of Work Public Used Microdata Areas), the re-
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Figure 8-1: Atlanta Office Submarkets
LAKEWOOD FW
Table 8.2: Data on Atlanta Office Submarket Characteristics
new tenant nra89 vacan89 rent89 d-dwntwn d-airprt # of hwy t-avg tlavg
submarket name since 1989 ('000 sqft) (%) ($/sq.ft) (miles) (miles) (min.) (min.)
Buckhead 89 8735 21.82 20.32 14.3 19.4 3 28.35 27.66
Perimeter Center 80 16361 16.31 19.91 19.2 28 3 26.52 25.80
Midtown 69 7024 15.24 17.92 3 12.6 3 28.35 27.66
175/1285 NW 49 13039 17.70 17.98 11.5 20.3 4 24.36 23.09
Downtown 40 10964 15.97 18.22 1 9.2 4 28.35 27.66
85/NE 35 5215 19.92 14.04 16.9 25.6 4 23.37 21.88
Century Center 25 4017 13.80 14.39 8.5 17.4 2 24.68 23.93
Northlake 21 2228 15.77 14.25 19.6 25.9 4 24.68 23.93
Decatur 13 754 9.45 11.56 15 23.6 2 24.68 23.93
Airport 8 980 29.25 13.61 9.2 3.2 10 25.98 23.47
Note: rent89 is the low gross rent in 1989.
Source: Data are from Torto Wheaton Research.
adjustment on the data boundaries for each PUMA to fit the submarket boundaries has
been done. In addition, the definition of industry category defined in PUMS is based on
industry classification developed for the 1990 Census of Population and Housing, which
differs from that of SIC codes; hence the regrouping of the PUMS industry data into the
six office industry categories is also done by matching the corresponding industry codes.
The actual re-adjustment of the data is completed by first disaggregate the PUMS data
into the census tract level then aggregate into each submarket. The process is completed
with the assistance of the GIS map system in Torto Wheaton Research and the 1990 Census
Boundary Map for Atlanta. The GIS maps contain submarket boundaries, office building
characteristics, as well as highway, airport location information, etc. By overlapping the
census tract maps with the office submarket maps, I am able to find out the census tract
information for each of the submarkets. For POWPUMA, however, there is no census tract
boundary map currently available for Atlanta in 1990 PUMS, therefore, the County Data
Book of 1986 and 1980 Census Tract Maps are used to obtain the census tract codes corre-
sponding to each component of the POWPUMA (county, partial county, independent city
and Census Designated Place(CDP)). By tagging the census tract codes into the POW-
PUMA boundary map, we obtain a map containing all census tract boundary information
for the seven POWPUMA in Atlanta.
The mean travel time is calculated by taking the average of travel time for the workers
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living in all residential PUMA in Atlanta to the corresponding POWPUMA. The calculation
is first done at the POWPUMA level and then assigned to all the census tracts in the
POWPUMA assuming that all census tracks in that POWPUMA carry the same mean
travel time. The average travel time is obtained for each of the six industries by all means
of travel and by car only; and for overall industries by all means of travel and by car only.
By matching the census tract boundaries on both the POWPUMA and the office submarket
maps, I am able to find the common census tracts. Based on the percentage of the area
of each POWPUMA in the submarket, I recalculate the weighted average time to work for
each of the submarket. These include four variables, namely, average travel time to work
at the submarket by all means (Lavg), and by car only (tiavg), average travel time by
industry by all means of travel (Lsic) and by car only (tlsic).
The highway data is collected by counting the number of highway entrances or exits
crossing the boundaries of the submarket. This is a measure of transportation accessibility
for the submarkets as the more the highways in the submarket, the better access the firm
will have if it locates in the submarket. The distance to downtown (d-dwntwn) and distance
to airport (d-airprt) are the highway distance which measures the distance from the center
of a submarket to the center of downtown and airport. They are also obtained by using the
GIS maps for Atlanta office markets.
Self-industry shares within the submarket (sshr89a and sshr89t) and self-industry
shares cross submarkets (cshr89a and cshr89t) are calculated based on the floor area data
and number of tenant (firm) data for the six industries in 1989. For individual firm in
industry i, it corresponds to a value of self-industry (i's) share within the submarket j
(sshr89ij), and a value of self-industry share of industry i across submarket (csshr89;3 ) 7.
The interactive variables between the submarket attributes and individual specific vari-
able (firm size) are obtained by directly multiplying the attribute variable with continuous
data of the firm size. There are two measures for the firm size, one is the number of
employees of the firm, and the other is the net rentable area of the firm. Using the num-
ber of employees per firm, the interactive variables are created for total net rentable area
(EENRA), mean travel time to work by industry (EETSIC), the self-industry shares
7sshr89ij = Aij ; csshr89ij = , where Aij is the floor area (or number of firms) of industry i in
submarket j, A3 is the total floor area (or number of firms) of all the industries in submarket j, and Ai is
the total floor area (or number of firms) for industry i in all the submarkets.
123
Table 8.3: Summary Statistics of All Choice Variables
Variable
nra89
rent89
vacan89
d dwntwn
dairprt
tlavg
t-avg
sshr89a
sshr89t
csshr89a
csshr89t
t_sic
EENRA
EETSIC
EESSHRt
EESSHRa
EECSHRa
EECSHRt
NRACSHa
NRACSHt
Obs
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
4290
Mean
6931.7
16.22
17.56331
11.87
19.56783
24.901
25.932
.1919674
.182676
.1044942
.1063869
25.66722
135790.2
504.3997
3.559154
3.72197
2.045911
2.11534
966.1385
1061.564
Std. Dev
5029.351
2.845039
3.337526
6.107438
6.45706
2.023275
1.778571
.0798016
.0931014
.0761295
.1056194
2.43648
499146
1493.597
11.5093
11.53322
7.356651
8.435472
1041.425
1313.246
Min
754
11.56
9.45
1
3.2
21.88
23.37
.03
.03
0
0
20.89
754
20.89
.03
.03
0
0
0
0
Max
16361
20.32
29.25
20
28
27.66
28.35
.39
.47
.36
.48
32.16
33e+07
6081.76
267.63
267.63
186.53
202.75
5399.13
5262.72
within submarket (EESSHRt and EESSHRa), and self-industry share across submarket
(EECSHRt and EE-CSHRa).
The interactive variables between submarket size and self-industry shares cross sub-
market (NRACSHa and NRACSHt) are created by multiplying the total net rentable
area at the submarket (nra89) by the corresponding variables of self-industry shares across
submarkets (csshr89a and csshr89t). These variables will show how the degree of industry
concentration influence the location of office firms under different size of the subcenters.
Table 8.3 shows the summary statistics for all the choice specific explanatory variables
in estimating the conditional logit models. The summary statistics for the industry specific
variables by industry are presented in Tables 8.4, and the summary statistics for the industry
specific variables by submarket are shown in Tables 8.5.
8.4 Estimation and Results
The maximum log likelihood conditional logit models are estimated by using 429 "moved"
tenant data between 1989-93 in Atlanta. Given ten choices of submarkets, the number of
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Table 8.4: Summary Statistics of Industry Specific Variables - By Industry
a. Banking
Variable Obs Mean Std. Dev. Min Max
sshr89a 240 .216 .08807 .07 .35
csshr89a 240 .107 .0934741 .01 .33
sshr89t 240 .167 .0828832 .04 .33
csshr89t 240 .09 .1201672 0 .42
t sic 240 25.336 2.196161 21.31 29.37
EESSHRa 240 7.209 16.66062 .14 122.85
EECSHRa 240 3.571125 10.4587 .02 115.83
EE SSHRt 240 5.573625 13.39438 .08 115.83
EECSHRa 240 3.571125 10.4587 .02 115.83
EETSIC 240 845.589 1789.891 42.62 10308.87
NRACSHa 240 1112.358 1571.05 7.54 5399.13
NRA CSHt 240 910.288 1376.002 0 4604.88
b. Security Investment
Variable Obs Mean Std. Dev. Min Max
sshr89a 610 .164 .0602491 .07 .27
csshr89a 610 .107 .1038204 0 .36
sshr89t 610 .185 .083044 .09 .36
csshr89t 610 .11 .1398287 0 .48
t sic 610 26.236 3.196422 20.89 30.64
EESSHRa 610 1.809377 2.49099 .07 16.2
EECSHRa 610 1.180508 2.346484 0 21.6
EESSHRt 610 2.041066 2.932978 .09 21.6
EECSHRa 610 1.180508 2.346484 0 21.6
EETSIC 610 289.4562 364.8957 20.89 1838.4
NRACSHa 610 1096.118 1312.056 0 3947.04
NRA CSHt 610 1221.381 1709.046 0 5262.72
c. Insurance
Variable Obs Mean Std. Dev. Min Max
sshr89a 430 .158 .0919547 .03 .33
csshr89a 430 .093 .0728928 0 .23
sshr89t 430 .144 .1066323 .04 .33
csshr89t 430 .099 .086292 0 .25
t sic 430 26.378 3.174371 22.31 32.16
EESSHRa 430 7.389256 23.95369 .03 267.63
EECSHRa 430 4.349372 15.60591 0 186.53
EESSHRt 430 6.734512 23.62645 .04 267.63
EECSHRa 430 4.349372 15.60591 0 186.53
EETSIC 430 1233.632 3428.855 22.31 26081.76
NRACSHa 430 897.95 1141.518 0 3763.03
NRACSHt 430 1052.938 1350.326 0 4090.25
continued...
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Table 8.4 continued...
d. Legal
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRA CSHt
e. Business Services
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EE CSHRa
EETSIC
NRACSHa
NRA CSHt
f. Engineering & Management Service
Variable Obs Mean Std. Dev. Min Max
sshr89a 1660 .207 .0700282 .12 .32
csshr89a 1660 .099 .0532044 .01 .19
sshr89t 1660 .183 .0827353 .06 .33
csshr89t 1660 .098 .0824627 .01 .29
t sic 1660 25.423 2.205659 22.69 29.37
EESSHRa 1660 2.495223 4.83969 .12 67.2
EECSHRa 1660 1.193367 2.533412 .01 39.9
EESSHRt 1660 2.205922 4.491736 .06 69.3
EE CSHRa 1660 1.193367 2.533412 .01 39.9
EETSIC 1660 306.4544 557.1491 22.69 6167.7
NRACSHa 1660 860.457 735.7474 9.8 2126.93
NRA CSHt 1660 905.657 948.1783 7.54 3179.56
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Min
.04
0
.03
0
22.46
.04
0
.03
0
22.46
0
0
Max
.39
.36
.47
.48
29.37
20.28
18.72
24.44
18.72
1527.24
3947.04
5262.72
Obs
450
450
450
450
450
450
450
450
450
450
450
450
Obs
900
900
900
900
900
900
900
900
900
900
900
900
Mean
.168
.108
.145
.101
25.563
1.694933
1.0896
1.462889
1.0896
257.9023
968.564
959.848
Mean
.205
.116
.222
.13
25.533
5.612444
3.175822
6.077867
3.175822
699.0368
1065.339
1336.123
Std. Dev.
.1133338
.0997904
.1337339
.1396149
1.660605
2.685462
2.030057
2.722597
2.030057
307.7159
1156.825
1525.919
Std. Dev
.0651899
.0709196
.069436
.0974194
2.08107
14.67627
9.408744
15.86606
9.408744
1735.812
1006.451
1380.141
Min
.11
.01
Max
.32
.26
.09
.01
22.69
.11
.01
.09
.01
22.69
9.8
9.8
.33
.29
28.17
160
130
165
130
14085
2944.98
3599.42
Table 8.5: Summary Statistics of Industry Specific Variables - By Submarket
submkt= 85/NE
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EE CSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRA CSHt
submkt= Airport
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRA CSHt
Obs
350
350
350
350
350
350
350
350
350
350
350
350
Obs
80
80
80
80
80
80
80
80
80
80
80
80
Mean
.1930286
.1029429
.1812571
.1047143
25.67423
3.076171
1.699057
3.067514
1.699057
412.5391
948.4404
1039.935
Mean
.196375
.102375
.18125
.102625
25.64688
1.30625
.689375
1.23275
.689375
173.3948
951.6991
1017.92
Std. Dev.
.0789325
.0726389
.0914739
.1006842
2.482296
5.470061
3.665
5.870692
3.665
675.9088
1016.32
1266.306
Std. Dev.
.0771854
.072448
.0875312
.1000347
2.516335
1.585069
1.005278
1.559382
1.005278
185.9874
1052.315
1248.961
Min
.03
0
.03
0
20.89
.03
0
.04
0
22.31
0
0
Min
.03
0
.04
0
20.89
.09
0
.12
0
45.38
0
0
Max
.39
.36
.47
.48
32.16
32
26
33
26
2817
5399.13
5262.72
Max
.35
.36
.36
.48
32.16
7.36
5.04
7.59
5.04
675.51
5399.13
5262.72
submkt=Buckhead
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRACSHt
Obs
890
890
890
890
890
890
890
890
890
890
890
890
Mean
.1899101
.1040562
.1813708
.1058315
25.68889
3.411629
1.939022
3.179056
1.939022
513.4403
959.7461
1055.007
Std. Dev
.0798381
.076899
.0941156
.1071433
2.465237
15.81827
10.25841
15.53073
10.25841
2283.157
1026.119
1320.073
Min
.03
0
.03
0
20.89
.04
0
.03
0
20.89
0
0
Max
.39
.36
.47
.48
32.16
267.63
186.53
267.63
186.53
26081.76
5399.13
5262.72
continued...
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Table 8.5 continued...
submkt=Century
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRA CSHt
submkt= Decatur
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa
NRACSHt
Obs
250
250
250
250
250
250
250
250
250
250
250
250
Obs
130
130
130
130
130
130
130
130
130
130
130
130
Mean Std. Dev.
.19256
.10312
.18104
.10544
25.67056
3.47476
1.86628
3.3838
1.86628
449.8726
945.0098
1045.094
Mean
.1883846
.1033077
.1689231
.101
25.65985
4.154615
2.167462
3.561385
2.167462
540.2945
963.8149
998.9329
.0803397
.071993
.0935152
.0998594
2.450939
4.579205
3.115638
4.914
3.115638
536.8695
1002.22
1263.799
Std. Dev.
.0902692
.0813966
.1026037
.1111452
2.391573
6.778343
4.325894
5.616026
4.325894
728.6685
1132.316
1335.73
submkt=Downtown
Variable
sshr89a
csshr89a
sshr89t
csshr89t
t sic
EESSHRa
EECSHRa
EESSHRt
EECSHRa
EETSIC
NRACSHa.
NRACSHt
Obs
400
400
400
400
400
400
400
400
400
400
400
400
Mean
.19305
.103775
.17695
.102475
25.59918
3.198225
1.65625
2.859175
1.65625
414.7195
956.3863
1005.48
Std. Dev.
.0834783
.0777568
.0963764
.1086145
2.340148
7.397718
3.962856
6.870893
3.962856
852.4282
1056.939
1293.051
Min
.03
0
.03
0
20.89
.04
0
.03
0
22.46
0
0
Max
.39
.36
.47
.48
32.16
67.2
39.9
69.3
39.9
6167.7
5399.13
5262.72
continued.
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Min
.03
0
.03
0
20.89
.06
0
.06
0
22.69
0
0
Min
.03
0
.03
0
20.89
.04
0
.03
0
22.46
0
0
Max
.39
.36
.47
.48
32.16
30.4
24.7
31.35
24.7
2676.15
5399.13
5262.72
Max
.39
.36
.47
.48
32.16
38.15
35.97
35.97
35.97
3201.33
5399.13
5262.72
Table 8.5 continued...
submkt=175/1285
Variable Obs Mean Std. Dev. Min Max
sshr89a 490 .1935918 .0786683 .03 .39
csshr89a 490 .1040816 .0705925 0 .36
sshr89t 490 .1852449 .0919947 .03 .47
csshr89t 490 .1080612 .0979614 0 .48
t sic 490 25.66692 2.4289 20.89 32.16
EESSHRa 490 3.759408 15.15335 .03 160
EECSHRa 490 2.108694 9.651732 0 130
EESSHRt 490 3.902143 16.40063 .03 165
EECSHRa 490 2.108694 9.651732 0 130
EE TSIC 490 490.1754 1801.104 22.31 14085
NRACSHa 490 951.3039 985.2184 0 5399.13
NRA CSHt 490 1075.436 1266.423 0 5262.72
submkt= Midtown
Variable Obs Mean Std. Dev. Min Max
sshr89a 690 .1947101 .0758081 .04 .39
csshr89a 690 .1058406 .076226 0 .36
sshr89t 690 .1886667 .0893061 .03 .47
csshr89t 690 .1082174 .1074828 0 .48
t sic 690 25.61496 2.37085 20.89 30.64
EESSHRa 690 2.288956 4.21689 .07 38.4
EE CSHRa 690 1.201551 2.380299 0 22.8
EESSHRt 690 2.116609 3.952056 .06 39.6
EECSHRa 690 1.201551 2.380299 0 22.8
EETSIC 690 294.3707 484.512 20.89 3524.4
NRACSHa 690 973.6039 1013.674 0 5399.13
NRA CSHt 690 1076.83 1317.999 0 5262.72
submkt=Northlake
Variable Obs Mean Std. Dev. Min Max
sshr89a 210 .1949048 .0844812 .03 .39
csshr89a 210 .1034286 .0725124 0 .36
sshr89t 210 .1779048 .0970936 .03 .47
csshr89t 210 .1039048 .1007151 0 .48
t sic 210 25.5921 2.308091 21.31 32.16
EESSHRa 210 4.641333 12.59325 .03 88
EECSHRa 210 2.591333 8.078272 0 71.5
EESSHRt 210 4.727857 13.63051 .03 90.75
EECSHRa 210 2.591333 8.078272 0 71.5
EETSIC 210 600.5975 1493.579 22.31 7746.75
NRACSHa 210 944.2727 1024.218 0 5399.13
NRA CSHt 210 1016.873 1246.061 0 5262.72
continued..
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Table 8.5 continued...
submkt=Perimeter Center
Variable Obs Mean Std. Dev. Min Max
sshr89a 800 .189075 .079601 .03 .39
csshr89a 800 .106225 .0809951 0 .36
sshr89t 800 .1850125 .0926119 .03 .47
csshr89t 800 .1092875 .1103623 0 .48
t sic 800 25.74124 2.528522 20.89 32.16
EESSHRa 800 5.831863 13.27222 .06 122.85
EECSHRa 800 3.230075 8.494929 0 115.83
EESSHRt 800 5.5615 12.53827 .08 115.83
EECSHRa 800 3.230075 8.494929 0 115.83
EETSIC 800 788.2887 1587.787 41.78 10308.87
NRACSHa 800 1002.68 1120.388 0 5399.13
NRA CSHt 800 1116.118 1396.833 0 5262.72
observations is too small to allow many explanatory variables to be put into a single model.
The models are estimated in two steps. In the first, we include the submarket specific
variables only. The best fit model is obtained after eliminating some of the insignificant
explanatory variables. Based on the results from the first step, we add the industry specific
variables, such as self-industry shares, travel time to work by industries, etc. into the
model to examine how the industry composition and spatial concentration influence the
firm's location behavior8 .
8.4.1 Logit Models with Submarket Specific Variables
As shown in Table 8.4.1, the estimates for the office rent (rent89) in all models 1, 5, 6,
and 7 are statistically significant, but none of them has the expected sign. The model
shows a positive effect of rents on the firm's utility, which is contrary to our theory. This
unexpected sign can be attributed to the fact that some important variables are omitted
in the model. For example, such advantages as prestigious location, nearness to its clients,
etc., are not controlled in the sample. Thus one is not allowed to distinguish the role of rent
as a cost factor in firm's production from its role as a capitalized value of the amenities at
each location.
8One can argue that the limitation of the number of explanatory variables in the model may cause biased
estimates. However, given the data available, this is the best we can do.
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Table 8.6 Conditional Logit Estimates with Submarket Specific Variables
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Variables Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.t Coeff. Agg. Elast.
rent89 0.2206*** 0.2726** 0.2876** 0.2555***
(11.354) (2.315) (2.369) (4.093)
tlavg 0.1985*** -0.0239 0.1333***
(8.294) (-0.311) (3.270)
t-avg 0.2069*** -0.014493
(7.616) (-0.171)
nra89 0.0001*** -0.0005 -0.0001 -0.00005 0.00004*** 0.0001*** 0.00007*** 0.396
(9.599) (-1.225) (-1.303) (-1.576) (2.991) (6.081) (6.006)
vacan89 0.0543 0.0494 0.0583* 0.134*** 0.1474*** 0.1113*** 1.7554
(1.363) (1.145) (1.816) (5.549) (6.076) (4.835)
d_dwntwn -0.1338*** -0.1328*** -0.1330*** -0.1181*** -0.0808** -0.1503*** -1.6059
(-3.477) (-3.465) (-3.479) (-3.205) (-2.295) (-5.085)
d-airprt 0.1462*** 0.1453*** 0.1466*** 0.1283*** 0.0596* 0.1423*** 2.3596
(3.445) (3.411) (3.468) (3.131) (1.72) (5.154)
highway 0.0068 0.0097 -0.00005 -0.1599* -0.3465***
(0.061) (0.09) (-0.000) (-1.952) (-5.979)
Log Likelihood -914.2012 -941.7786 -987.7953 -952.6105 -901.7762 -901.7425 -901.7908 -904.5117 -910.1873 -927.9281
ChiA2 147.22 92.06 0.03 70.40 172.07 172.13 172.04 166.5900 155.24 119.76
Pseudo RA2 0.0745 0.0466 0.0000 0.0356 0.0871 0.0871 0.0871 0.0843 0.0786 0.0606
t-statistics are in parentheses
* t-statistics significant at the 0.1 level. ** t-statistics significant at 0.05 level. *** tLstatistics significant at 0.01 level.
The same contradictory result applies to the wage proxy variables. It is shown that the
mean travel time to work (tlavg and Lavy) has a positive effect on attracting office firms.
The estimates are statistically significant in all the models except when both the rent and
the mean travel time are included in the same model. In Model 6, the negative coefficient
for tlavg (statistically insignificant though) may be due to the fact that rents have stronger
effect than the mean travel time, and there exists a strong correlation between these two
variables. As a result, the rent dampens the effect of the mean travel time to work.
All estimates for the total net rentable area (nra89) have the correct signs, and are
statistically significant except in Model 6 and Model 7 in Table 8.4.1 when the variable
rent89 is controlled. In Model 6 and 7, the estimates show a negative relation with the
firm's utility, but are statistically insignificant. The reason could be that the rent captures
the effect of economies of scale of the submarket size, and it is so strong that it influences
the effect of nra89 in the model. All the positive estimates for the total net rentable area
indicate the existence of economies of scale at the submarket. The larger the submarket is,
the bigger the economies of scale at the submarket, and the more likely the office firms will
be attracted to that location.
The estimates for vacancy rate (vacan89), distance to downtown (d-dwntwn) and dis-
tance to airport (d-airprt) are robust and statistically significant in all the models. The
positive effect of the vacancy rate on the locational choice of the office firms can be explained
by the fact that the vacancy rate is an indicator for the rental cost at each submarket. When
the vacancy rate is high, one expects office rents to be lower, thus firms prefer to locate
in that submarket to save their cost of production, other things being equal. The negative
coefficient for distance to downtown suggests that the farther the firm is from the CBD,
the lower its utility. This may be attributed to the cost effect of the face-to-face contacts.
When a firm locates farther from downtown, the unit contact cost increases if it has to
make contact with the firms located downtown. The distance to airport, however, shows a
positive influence on the firm's locational choice. The office firm's utility decreases when it
locates closer to the airport. The reason may be attributed to some demographic factors,
as the airport is located in the south of Atlanta where there is a high concentration of low
income people.
The estimates for highway access (highway) in Models 5, 6, 7, 8 and 9 in Table 8.4.1
either have the wrong sign but are statistically significant, or the correct sign but are
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statistically insignificant. The negative effect of highway access on an office firm's utility
can be hardly explained economically. The reason for this result could be that some control
variables, such as industry linkage variables that reflect firms' business interaction patterns,
and the public transportation system in each of the submarkets, etc., are missing in the
model. Therefore, the estimates may be biased.
Taking out the variables, rent89, tlavg and highway, that have the unexpected signs,
however, Model 10 gives a good estimation result. All the variables are statistically sig-
nificant at 0.01 level. It shows that the total net rentable area and the vacancy rate have
positive effects on attracting office firms. This suggests that the economies of scale are a
positive factor, whereas the rental cost is a negative factor in attracting office firms. The
negative coefficient for distance to downtown and the positive coefficient for distance to
airport indicate that office firms prefer to locate closer to the CBD but farther from the
airport in Atlanta.
The aggregate elasticities are calculated for Model 10. It shows that the probability of
firms locating in a submarket is inelastic with respect to nra89, but elastic with respect to
vacan89, ddwntwn, and d-airprt. The distance-to-airport has the largest elasticity among
the four variables, indicating that the probability of an office firm locating in a submarket
increases by about 2.4% when its distance to the airport increases by 1%. The probability
of locating to a submarket decreases by 1.6% if the distance to downtown increases by 1%.
The probability of locating into a submarket increases by 0.4% and 1.75% if net rentable
area and vacancy rate increases by 1% respectively.
8.4.2 Logit Models with Industry Specific Variables
Based on the results of Model 10 in Table 8.4.1, we add industry specific variables to test
the clustering behavior of office firms. As shown in Table 8.4.2, Models 1-6 use the industry
shares variables that are based on the tenant data, and Models 7-12 use self-industry share
variables that are calculated by using the floor area data. These models are constructed in
a similar way but using two sets of data.
The estimates for the total net rentable area (nra89) in the twelve models show robust
positive effects of the submarket size on attracting office firms, and most of the results are
statistically significant at the 0.01 level. When we put all the industry specific variables
into the model, as in Model 2 and Model 8, the estimates for nra89 are not statistically
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Table 8.7 Conditional Logit Estimates with Industry Specific Variables
Variables Model 1 Model 2 Model 3 Model 41 Model 5 Model 6 Model 7 Model 8 Model 91 Model 101 Model 11 I Model 124 Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Agg. Elast. Coeff.| Agg. Elast.
0.0001*** 0.0001***
(6.041) (6.688)
0.00003**
(2.185)
0.117***
(4.987)
-0.1459***
(-4.469)
0.1614***
(5.261)
0.9639*
(1.695)
2.5442***
(4.035)
-0.0702***
(-3.053)
0.00003**
(2.058)
0.118***
(5.018)
-0.1479***
(-4.511)
0.1638***
(5.297)
1.0283*
(1.808)
2.3251***
(3.552)
-0.0953***
(-3.844)
vacan89
d dwntwn
dtairprt
sshr89a
esshr89a
sshr89t
csshr89t
[-sic
EENRA
EETSIC
EESSHRa
EECSHRa
EESSHRt
EECSHRt
NRA CSHa
NRACSHt
nra89
-0.006***
(-3.872)
).00026***
(1.992)
0.104***
(4.421)
-1.1487***
(-4.445)
0.1531***
(4.827)
0.8861
(1.222)
3.9832***
(5.522)
-0.0446*
(-1.906)
0.000024
(1.671)
0.1071***
(4.517)
-0.1539***
(-4.572)
0.157***
(4.918)
1.0520
(1.370)
3.2015***
(3.965)
-0.0859***
(-3.269)
6.84e-10
(0.002)
0.0026***
(3.125)
-0.0012
(-0.101)
0.0556**
(2.206)
0.000024*
(1.784)
0.107***
(4.516)
-0.1538***
(-4.571)
0.1569***
(4.917)
1.0259
(1.413)
3.209***
(4.131)
0.00005***
(4.228)
0.0108
(0.844)
1.6332**
(2.276)
3.2837***
(4.614)
0.00005***
(4.188)
1.5819**
(2.224)
3.3063***
(4.648)
0.00007***
(6.069)
0.01433
(1.126)
1.626***
(2.904)
1.5613***
(3.177)
-0.0703***
(-2.907)
2.9401
0.271
0.2977
-1.5104
1.1258
0.0902
0.00002
(1.559)
0.1185***
(5.031)
-0.1484***
(-4.520)
0.1641***
(5.307)
1.094*
(1.794)
2.4425***
(3.691)
-0.0966***
(-3.881)
3.47e-07
(1.151)
0.0014**
(2.510)
-0.0041
(-0.279)
0.0089
(0.736)
0.7266D.00012***
(5.431)
1.7117**
(2.382)
9.7829***
(5.342)
.0.06153**=
(-2.414)
0.0026***
(3.362)
0.0627***
(3.012)
-0.0007***
(-3.851)
1.6470***
(2.937)
1.5122***
(3.094)
-0.0730***
(-3.037)
1.331**
(2.400)
7.9626***
(4.574)
-0.6615***
(-2.803)
-0.086*** -0.6373** -0.0653***
(-3.279) (-2.482) (-2.557)
0.0026*** 0.0025*** 0.0025***
(3.247) (3.208) (3.205)
0.0552*** 0.05198** 0.0519***
(2.766) (2.682) (2.685)
0.2932
0.8809
-1.4222
1.1934
0.1088
-0.5648
0.0014*** 0.0013** 0.0013** 0.0013**
(2.561) (2.506) (2.504) (2.514)
0.016* 0.0180*
(1.623) (1.773)
0.0169*
(1.675)
0.0159*
(1.614)
Log Likelihood -914.7754 -909.551 -910.255 -926.112 -926.7402 -919.0243 -908.9333 -900.9504 -900.9571 -913.7797 -914.1322 -906.0273
ChiA2 146.07 156.52 155.11 123.39 122.14 137.57 157.75 173.72 173.70 148.06 147.35 163.56
Pseudo R2 0.0739 0.0792 0.0785 0.0625 0.0618 0.0696 0.0798 0.0879 0.0879 0.0749 0.0746 0.0828
t-statistics are in parentheses
* t-statistics significant at the 0.1 level. ** t-statistics significant at 0.05 level. *** t.statistics significant at 0.01 level.
significant at the 0.1 level. This could be because the influences of submarket size are
dampened by other control variables. Nevertheless, these positive estimates suggest that
there exist strong economies of scale in the clusters of office firms. The larger the submarket
is, the more attractive it is for the office firm; this is consistent with our theoretical model
which suggests the existence of economies of scale within each of the spatial clusters in a
metropolitan area. However, the estimate for nra89 can not reveal whether the economies
of scale stem from the inter-industry business contacts, or the exchange and sharing of
information within each industry.
Vacancy rate (vacan89), distance to downtown (d-dwntwn) and distance to airport
(dairprt) are also robust and statistically significant in all the models when we include
the industry share variables. However, the estimates for industry share variables, sshr89t
and sshr89a, become more significant statistically when ddwntwn and d_airprt are taken
out from the models (Model 4, 5 and 10, 11). Because the vacancy rate turns out to be
statistically insignificant when the distance variables are not included in the model (Model
4 and Model 10), we eliminate vacan89 and obtain the results of Model 5 and Model 11.
The positive estimates for all the self-industry share variables strongly suggest that office
firms tend to locate with firms of their own industry. The positive estimates for the self-
industry share within a submarket (sshr89t, sshr89a) indicate that the higher the share of
industry i within a submarket, the more likely an office firm of industry i is attracted to that
submarket. The positive estimates for the self-industry share of industry i across submarkets
(csshr89t and csshr89a) demonstrate that office firms prefer to locate where their own
industry firms are concentrated. These results imply that there may exist intra-industry
economies of scale that pull firms together. These forces can be the desire for information
exchange through face-to-face contacts, or information sharing by taking advantage of being
close to each other. The product differentiation enlarges the market share of the office firm
and raises the intra-industry activity level; whereas clustering together reduces the unit cost
of inter-firm contact, thus making the firms more profitable, ceteris paribus.
However, the concentration of the same industry firms may also well be a result of the
existence of a large cliental firm in the submarket which draw an industry firms to cluster
together. Therefore, we include the interactive variables, NRA-CSHt and NRACSHa
(Model 6 and Model 12) to see how the size of the submarket and the degree of self-
industry spatial concentration jointly determine the location of office firms. The estimates
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for the two variables are negative and statistically significant. This demonstrates that an
office firm is likely to locate together with firms of its own industry when the subcenter is
small, but is less likely to cluster with firms of its own industry when the subcenter is large.
This suggests that intra-industry economies of scale may be dominant the initial stage of
office firm clustering, whereas inter-industry economies of scale and other factors, such as
cliental relation, are more likely to be preponderant at the later stage of office subcenter
development.
The mean travel time to work for each industry (Lsic) shows a negative effect on attract-
ing firms into the submarket. This variable is an indicator for labor accessibility because
the longer the mean travel time to work for an industry in a submarket, the harder it is
for the industry to find its workers in that submarket. Thus the negative coefficients reveal
that office firms prefer to locate to a submarket where it is easier to find labor of their own
industry. The results are statistically significant.
The effects of individual firm characteristics on locational choice are also studied by
including the interactive terms of firm size and the choice variables, such as nra89, self-
industry shares, etc. The models (Model 2 and Model 8) show that EE_NRA has a positive
effect on the firm's utility, but the results are not statistically significant. This suggests
that the size of a firm may not influence its location decision in relation with the sizes
of the submarkets. In other words, there is no indication that larger firms would locate
in a larger or a smaller submarket. The interactive term of EETSIC, however, shows
a strong positive effect on a firm's locational choice. The larger the firm is, the more
likely it will choose to locate in a submarket with a longer mean travel time to work for
its industry workers. That is to say, larger firms care less in terms of their labor market
accessibility, whereas smaller firms are more concerned with their industry labor access
when they choose to locate in a submarket. The coefficients for both EESSHRa and
EESSHRt are statistically insignificant, which suggests that the industry composition
in a submarket does not influence what size of a firm that will be attracted. The higher
self-industry shares within a submarket will draw any size firms of the same industry.
The interactive term of the tenant data-based industry concentration variable (EECHSRt)
does not seem statistically significant when EESSHRt is included (Model 3), but is sta-
tistically significant when EESSHRt is excluded (Model 4). The former case could be
influenced by the appearance of the industry composition variable because the two vari-
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ables have a strong correlation. The concentration variable (EECSHRa) that is based
on floor space data has a positive coefficient and is statistically significant in both Model
8 and Model 9. This suggests that larger firms prefer a location where there is a higher
concentration of the same industry employment or firms.
Based on the available data, the best model is obtained in Model 12, in which all the
variables are statistically significant at 0.01 level and the log likelihood is the maximum
for the same number of explanatory variables. The aggregate elasticities are calculated
for Model 11 and Model 12. The results in both models indicate that the probability of
firms locating into a submarket is elastic with respect to Lsic and EETSIC, but inelastic
with respect to industry share variables, sshr89a, csshr89a and EECSHRa. However,
the probability for nra89 is very elastic when the variable NRACSHa is not included
(Model 11), but becomes inelastic when NRACSHa is put into the model (Model 12).
The elasticity of 2.94 for nra89 in Model 11 indicates that the probability of locating in
a submarket increases by about 3% when the total net rentable area in that submarket
increases by 1%, but the elasticity of 0.7266 for nra89 suggests that the probability of
locating in a submarket increases only by 0.73% as the total rentable area increases by
1%. The elasticity for csshr89a increases from 0.29 when NRACSHa is excluded, to 0.88
when NRACSHa is included. This suggests that submarket size has a less impact on the
location of office firms when the effect of spatial concentrations of industries is considered.
Moreover, Model 11 and Model 12 show that the probability decreases by about 1.5% when
the industry's average travel time to work increases by 1%. The probability of clustering
with the same type of industry firms increases by about 0.3% when the self-industry share
variable, sshr89a increases by 1% in that submarket.
In general, the results of the conditional logit models indicate that larger submarket
size and better labor accessibility will attract more office firms to cluster. A higher degree
of spatial concentration of an industry will encourage more firms of the same industry to
locate together when subcenter size is small, but may prevent the same industry firms
from clustering when the subcenter size become larger. From another point of view, office
firms prefer to locate at a place where the size of the submarket is larger and has a better
access to their own industry labor. Firms likes to locate in a small subcenter with a higher
concentration of their own industry employment/firms, or in a larger subcenter with lower
concentration of their own industry employment/firms.
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8.5 Conclusion
The chapter empirically examines the spatial clustering behavior of office firms and the
determinants of their location choices. Due to the limited number of sample observations
of the "moved" office firms in Atlanta from 1989 to 1993, the conditional logit models were
constructed with separate estimations for the explanatory variables. One model consid-
ers only submarket choice specific variables, the other deals mainly with industry specific
variables.
The models with submarket characteristics show that the average rent at submarket
and the mean travel time to work have a positive effect on the office firm's location choice,
while highway access has a negative influence on the firm's location choice. These results
are contrary to our theory, which may reflect the fact that some location advantages may be
capitalized into rents and wages of the office firms. The unexpected sign for highway access
can be attributed to the lack of industry linkage variables, because the business interaction
patterns of office firms are not controlled. The estimates for both total net rentable area and
vacancy rate are positive, suggesting that economies of scale is a positive factor, while rental
cost is a negative factor for attracting office firms. The negative coefficient for distance to
downtown and positive coefficient for distance to airport indicate that office firms in Atlanta
prefer to locate closer to the CBD but farther from the airport. The reason, however, may
be attributed to some demographic factors, as the airport is located in the south of Atlanta
where there is a high concentration of low income people.
The models with industry specific variables indicate that on the margin an office firm
prefers to locate at a place which has a larger submarket size, with a better access to its
own industry labor, and with a higher (lower) concentration of its own industry employ-
ment/firms when the subcenter size is small (large). The results suggest that there do exist
economies of scale in office clusters. The economies of scale may stem from intra-industry
activities when a subcenter initially starts. Such things as information sharing, cost savings
in face-to-face contacts among the same industry firms could be the major reasons for the
spatial concentration. As the subcenter becomes bigger, the economies of scale may come
from inter-industry production linkages, such as the existence of cliental firms of a different
industry could cause the spatial clustering of office firms of a particular industry.
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Chapter 9
Conclusion
9.1 Conclusion and Policy Implications
This dissertation developed a theoretical model of urban growth, office firm decentralization,
and suburban center formation and location to explain the causes and consequences of the
changing urban form in the U.S. metropolitan areas. Empirical tests on the office firm
spatial clustering behavior (on average and on the margin) are conducted to back up some
of the findings obtained from the theory.
Theoretically, the model has six major conclusions. First, assuming that office firms
are idiosyncratic, the model has shown that economies of scale and localization of office
activities arise as a result of higher information quality from firm specialization and product
differentiation, and more intensive use of information associated with clustering. While the
economies of scale will be exhausted after a period of dominant monocentric urban growth
because the increase in the costs of firm contacts, office rents and wages override the benefits
from clustering. When it is equally profitable for a newborn firm to locate at the CBD or
the suburb, the CBD reaches its critical center size and office firm decentralization will take
place.
Second, the timing for office firm decentralization depends on the business contact pat-
terns of the office firm, as well as other parameters, such as unit cost of physical contact,
unit transportation cost, residential density, land-to-labor ratio, etc. With poor information
technology and high unit physical contact cost, the critical center size for a CBD is larger
and business suburbanization starts late. In this case, it is the firm's internal production
and the savings in land rents and wages at the suburban location that makes the first
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suburban office firm as profitable as the CBD firms. With better information technology
and lower unit physical contact cost, the critical center size of the CBD is smaller and the
business suburbanization will take place sooner. The initial suburban firms benefit from the
external economies of scale from the CBD through inter-center contacts, which increase the
suburban firms' information input levels. In both cases, however, the optimal location of
the first suburban firm is always at the city fringe where the firm's profit can be maximized.
Third, office firm specialization and product differentiation are necessary but not suffi-
cient conditions for spatial business concentration in the suburbs. If there are no production
linkages among suburban firms or the linkages are weak, business decentralization happens
without spatial clustering, no matter whether or not the suburban firms take advantages
of external economies of scale from the CBD firms. In this case, it is the suburban firms'
internal production or the inter-center contacts with the CBD (or both) that lead them to
decentralize. Spatial concentration of suburban office firms occurs only if the inter-firm pro-
duction linkages are very strong. This is true in both cases, with and without inter-center
contact. Spatial clustering also depends on the relative magnitude of the unit contact cost
and the marginal rents and wages. If the marginal contact cost from isolation is smaller than
the marginal rents and wages from clustering, firms will spread out rather than concentrate,
and vice versa.
Fourth, there are two types of initial growth path for a SBD, with or without inter-center
contact, depending on the magnitude of the unit cost of a inter-center contact. When the
unit information cost is high, no inter-center contact will be conducted because there is no
profit gain from it. As the unit information cost gets lower, the firm will take advantage
of the use of inter-center contacts to realize higher profit. With inter-center contacts, the
suburban firm starts with a higher information input and profit level, but its profit increases
more slowly with subcenter size than it does without inter-center contacts. The limited
number of firms initially available in the suburbs gives rise to the constraint on the number
of contacts that a suburban firm can obtain locally. The SBD becomes self-sufficient and
the two profit paths converge when the number of firms at the subcenter equals the number
of inter-center contacts made by the suburban firm. When all the suburban firms can obtain
their optimal number of contacts within the SBD, the constraint on the number of contacts
will be fully relaxed. Thereafter, the SBD will continue to grow on its own until its critical
size is reached and farther suburbanization of office firms occurs.
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Fifth, after the formation of the SBD, the CBD firms will relocate to the suburbs. Office
firms which have close production relations may concentrate at the same city edge location,
while firms that do not have production relations would never locate into the same center.
Hence, different types of firms may form different types of subcenter at different city edge
locations. Therefore we observe several subcenters growing simultaneously at the city edge
- the edge towns. These city fringe locations of the subcenters could result in a "natural"
circumferential development of business districts, with the distance between the edge towns
and the CBD equaling the radius of the city under the critical size of the CBD.
Sixth, as a consequence of employment suburbanization, and spatial clustering of office
firms, the long-run urban land rent and density gradients should always exhibit a peak-
tough-peak pattern, with peaks appearing at the employment center, and troughs occurring
at the residential boundaries between subcenters. With development constraints (dual
subcenter development), however, the short-run land rent gradient can fall straight from
the CBD to the outside fringe of the subcenter. Without land development constraints
(single subcenter development), the land use shows the same peak-tough-peak pattern as
that observed in the long-run.
Empirically, the conclusions are mainly two fold. First, on average, office firms con-
centrate over space, and the degrees of spatial concentration differ by industries. The
best measurement for the degree of spatial concentration within a metropolitan area is
the Herfindahl and Hirschmann Index (HHI). The inverse of the HHI gives the number of
"size corrected" subcenters that contain firms in certain industry. Knowing the benchmark
value for the HHI (the value under equal spatial distribution assumption), we can make
cross-industry as well as cross-metropolitan comparisons on the fraction of subcenters that
contain the industry in a metropolitan area. If the HHI is a times the benchmark value, it
indicates that the industry should concentrate in 1/a of the metropolitan area. The study
of the Location Quotients (LQ) reveals that the number of "size corrected" subcenters and
the number of subcenters that have a LQ value greater than one are roughly matched, sug-
gesting that the two indices can be used to cross check the results of the degree of industry
concentration.
Based on the HHI, we find the existence of spatial concentration of office industries in
the four MSAs. Security investment and legal industries show a higher degree of concentra-
tion relative to other industries in the four metropolitan areas. Business Services exhibit
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the lowest degree of spatial concentration among the six industries. Banking industry has
very high degree of spatial concentration in all the MSAs except in Atlanta, while Insur-
ance industry shows a low degree of spatial concentration in all the MSAs except in Los
Angeles. Engineering and Management Services usually exhibits a medium degree of spatial
concentration among the six office industries.
Second, using sample observations of "moved" office firms in Atlanta from 1989 to 1993,
the conditional logit models have shown that, on the margin, office firms prefer to locate at a
place which has a larger submarket size, better access to its own industry labor, with a higher
(lower) concentration of its own industry employment /firms when the subcenter size is small
(large). Therefore there must exist external economies of scale in office firm production.
More important, we find that the economies of scale may stem from intra-industry activities
as the subcenter is small, and may come from inter-industry linkages as the subcenter grows
bigger. At the earlier stage of the subcenter development, information sharing, cost saving
in face-to-face contacts among same industry firms could be the major reasons for the office
firm spatial clustering. While at the later stage of subcenter development, different industry
firms' production linkages may play a larger role than intra-industry economies of scale.
Furthermore, the logit models that include only the submarket characteristics show that
the average rent and the mean travel time to work at the submarket have positive effect,
whereas the highway access has negative effect on the office firms' locational choice. These
results are contrary to our theory. It may be the reason that some location advantages have
been capitalized into the rents and wages of the office firms. The unexpected sign for the
highway access can be attributed to the fact that industry linkage variables are missing and
the business interaction patterns of office firms are not controlled. The estimates for the
total net rentable area and the vacancy rate are positive, suggesting that the economies of
scale is a positive factor, while the rent is a negative factor in attracting office firms. The
negative coefficient for the distance to downtown and positive coefficient for the distance to
airport indicate that office firms in Atlanta prefer to locate closer to the CBD but farther
from the airport. The reason may be attributed to some demographic factors, as the airport
is located in the south of Atlanta where there is a high concentration of low income people.
This research has important policy implications. In light of the changing urban land
use form in the U.S., what is the appropriate roles for the government in shaping the urban
development, and what kind of policies should be enacted to achieve higher productivity
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and economic efficiency? This study provides a theoretical background and some practical
recommendations. First, the theory predicts that business decentralization of office indus-
try firms and the growth of office edge towns will continue in U.S. metropolitan areas in
the near future because the development of central cities has outgrown their critical sizes,
and the improvement of transportation and information technologies should speed up the
suburbanization process. Second, since business suburbanization is a result of the economic
behavior of individual firm under the natural evaluation, and the technological changes
in the demand for land, governments should support these development demand and be
neutral in allocating economic resources between the suburbs and the central city. Third,
spatial clusters of office firm could be a sole outcome of business specialization and prod-
uct differentiation, in which case the strong inter-firm linkages lead to the self-sustaining
economies of scale. However, specialization is not sufficient for business concentration, other
factors, such as government regulations, highway systems, information technologies, etc.,
could play significant roles in determining the firm location and the degrees of business
concentration. Because office firms become more productive when they cluster and make
full use the potential economies of scale from other firms, appropriate infrastructure invest-
ment strategies and zoning regulations should be called for to accommodate the needs of
business concentration. Fourth, understanding that different office industries have different
requirements on their degrees of concentration, the public sector and the private developers
should reflect these in their subcenter planning in order to attain a more successful devel-
opment and achieve a higher level of economic efficiency. Fifth, the empirical finding on
the existence of intra-industry (rather than inter-industry) economies of scale sheds light
on how to set up public information network for different office industries and how to use
the information technologies to make firms more productive and efficient.
9.2 Future Research Directions
There are several directions for future research along the line of the theoretical and empirical
models. First, an optimal urban growth path from a planner's point of view can be developed
and compared with the market resolved urban growth path, thus providing theoretical
directions for a more efficient allocation of resources in urban development. Second, by
including a firm's expectation of other firms' location decision in its production function, the
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model may be more powerful in explaining the locational behavior of office firms. This can
be done by introducing game theory into the firm's location decision making process. Third,
since the current model is set up in a static long-run environment to study the dynamic
urban growth, it can be improved by introducing perfect foresight and time dimension into
the model. Fourth, the production linkages among clustering office firms should be tested
by using more detailed firm production data. Surveys of business interactions or contact
patterns for firms in different office industries will be very helpful. The empirical result is
crucial in backing up the theories of office firm production technology demonstrated in the
model. The empirical study can also be extended by including other control variables, such
as the existence of a dominant industry in the subcenter. This can be used to test whether
the clustering of office industry firms is a result of the existence of the big industry which
the office firms serve, or the interactions among the office firms.
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Appendix A
Optimal Number of Contact and
Size
Using the information value function
V =N [k - h(x)]dx (A.1)
The profit function can be written as
H = N N [k - h(x)]dx - cI - w - r (A.2)
Thus the first order condition with respect to information contact is
Z= aV
a'
- k-h( )- c = 0 (A.3)
Eq. (A.3) gives implicit function of I and N. So the first order derivative of Z with
respect to optimal number of contact I* is
az A 1
9* = o(I*/N) (N) < 0 (A.4)
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Center
and the first order derivatives with respect to N is
OZ _ Oh I (A.5)
ON 0(I*/N) N2)>
Using the implicit function rule, we get the relation between the optimal number of
contact and center size
1-- >0 (A.6)
ON -
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Appendix B
The Comparative Static For
Optimal Center Size
Using simultaneous-equation approach, we need to obtain the implicit functions. From
the first order conditions of the firm's profit with respect information level 11, and center
population N1, we have:
= 
- ci = 0
aI1T,
aViI4J, N1]
= N1
SqTL = 0 (B.1)
where the first derivative of office land rent with respect to population at CBD is
&r1 /8N1 j=qTL.
Therefore, the Jacobian determinant is:
IJI=
OZ2
B6-7*1
aIo2
1~y
09 *2 yo
aZ1
OZ 2
BNi*
g2V1 (2V9
01 2 ON 2
a
2V1 aI10 +_____
ao
2 8Ni* BI4*N*
a2V, 9IN +Bai*,
aNOGiO 49NO' N0
27v
- ( )2 < 0
0IooN 1
(B.2)
Differentiating the implicit functions with respect to exogenous variables q, T and c, and
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Z [N1', Ii; q, -r, c1]
Z2[N1', I'; q, -r, c1]
arranging in matrix form, we have:E li
Dci
az2  0
. aci _ L
az' 0Dq
DZ 2  1rL
_ Dq J L 2 _
Dz' 0Dr
DZ 2  iL
8J 2
azi 0DL
Z2 1
DL 2
(B.3)
The comparative static for exogenous variable ci, can be obtained through the following
relation:
oz' az' 1 NjO 1 Z1
ai DI N0  .9c, [ c1
(B.4)
_Z2  az 2  a D0Z2
_ I Dli BN _ Be _ [ Dci .
Solving for the comparative static via Cramer's rule, we have:
Bao2
[ 2 1
D2V1  D
2 y1aNO a o N1 0 a2I,N
N0  L WIM, N W= DI9NO
-I < 0 (B 5)
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Using the same method, we derive the comparative static with respect to T, q and L as
follows:
ON0
O9T
aN0
oq
ON0
OL
[ V091
S - 1 qL
IJI
BI 2
aI o -'TLJ|
1 0 0J 2
a2~Nf y, -
-kqL~12 1LW < 0|J 4
A< 0
1 <
- <0o
(B.6)
(B.7)
(B.8)
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Appendix C
The Comparative Static for
Critical Center Size - Case A
The implicit function is the necessary condition for the SBD formation when the first
suburban firm makes no inter-center contact
Z = V[I*, N* + 1] - V2 [0, N* + 1] - I1*c -1 N*qr(1 + L) = 0 (C.1)
The first order derivative of Z with respect to critical center size N* is
OZ _ 1i 1ON1 B1 2 - 1 -+ L) < 0 (C.2)
aN,* aN, 2
The condition is the same as the first order condition of the firms' profit with respect
to the center size. As the critical size is larger than the optimal center size, the first order
condition is negative.
The first order derivatives with respect to ci, T, q and L are
aZ
az 
_ 1=T - <( +
-Z 
_ =-N*q(1+ L) < 0Br 2 N
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9Z 1
_- - -N1r(1 + L) < 0,&9q 2
az - 1N*qT<0. (C.3)
OL - 2N-r<0
Using the implicit function rule, we get the comparative static results
9N* BN* aN* < N*
Dc1 < 0, < 0 < , (C.4)
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Appendix D
The Comparative Static for
Critical Center Size - Case B
The implicit function is the necessary condition for the SBD formation when the first
suburban firm makes inter-center contact to CBD
Z = V[Ij*, (Nj* + 1)] - V2 [12*, (Nj* + 1)] - cil'* + (ci + aD*)I2*
1
-- Nj*qr(1 + L) = 0 (D.1)2
where DI = jN*q. Given that the marginal value of information with respect to
population is the same at CBD and SBD, i.e., ( 1 = a + then, if the increase in
inter-center contact cost due to the increase in inter-center contact resulting from larger
CBD size is smaller than the increase in savings in land rent and wage, the first order
derivative of Z with respect to the critical center size Nj* is
BZ 1 1
S 212 -q-r(1 + L) < 0 (D.2)
and the first order derivatives with respect to ci, OZ, T, q, L are:
c9Z
_= -(I* - 1) < 0,8ci 1-1
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BZ 1
-_ = -N*qI 2 > 0,Oa 2
OZ _1
-_ = N*q(1 +L)< 0,
ar 2 N
OZ _1
-q - Nj*r(1 + L) < 0,
oq2
Z - N *qr < 0. (D.3)
OL -2
Using the implicit function rule, therefore, we get the comparative static results:
N< 0 > 0 < 0, < 0, < 0. (D.4)
ac1 'a OT ' q ' L
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Appendix E
Comparative Static for the First
Suburban Firm's Optimal
Number of Inter-Center Contact
The implicit function is the first order condition of the first suburban firm's profit with
respect to its inter-center contact
z = 9V[I 1 , Ni + 1] - (ci + aS) = 0
0121
The first order derivative of Z with respect to the optimal number of contact Ii is
aZ a2v
a,21~ 0 "12
The first order derivative of Z with respect to N, S, a and cl are
oz 
_______ >01
BN 1  - I2 1 (Ni + 1)
=z 
-a < 0,a =
oz s<0
Ooa
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(E.1)
(E.2)
z -1<0. (E.3)
aci
Using the implicit function rule, we obtain the relationship between the optimal number
of contact and its determinant parameters
s ,az
ai 1  az >0
0,
goj &Zaj
92Z1 (E.4)
4c1
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